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INTRODUCTION. 


As explained in this Introduction during 1914, the 
Wratuer Review now takes the place of the 
Bulletin of the Mount Weather Observatory and of the 
voluminous publication of the climatological service of 
the Weather Bureau. The Montaity Weatuer Review 
contains contributions from the research staff of the 
Weather Bureau and also special contributions of a 
general character in any branch of meteorology and 
climatology. 

SUPPLEMENTS to the Montuity Warner Review are 
published trom time to time. ¥ 

The climatological service of the Weather Bureau is 
maintained in all its essential features, but its publica- 
tions, so far as they relate to purely local conditions, are 
incorporated in the monthiy reports ‘Climatological 
Data’ for the respective States, Territories, and colonies. 

Since August, 1915, the material for the MonTutry 
WeatHer Review has been prepared and classified in 
accordance with the following sections: 

Section 1.—Aerology.—Data and discussions relative 
to the free atmosphere. 

SEcTION 2.—(eneral meteorology.—Special contribu- 
tions by any competent student bearing on any branch 
of meteorology and climatology, theoretical or otherwise. 

SecTion 3.—/forecasts and general conditions of the 
atmosphere. 

Section 4.—Mivers and floods. 

Section 5.—Seismology.—Results of observations by 
Weather bureau observers and others as reported to the 
Washington oflice. 

Section 6.—Bibliography.—Recent additions to the 
Weather Bureau library; recent papers bearing on 
meteorology. 

SecTion 7.— Weather of the month.—Summary of local 
weather corditions; climatological data from regular 
Weather Bureau stations; tables of accumulated and 
excessive precipitation; data furnished by the Canadian 


Meteorological Service; monthly charts Nos. 1, 2, 3, 4, 5, 
6, 7, 8, the same as hitherto; Meteorological Summar 
and chart No. 9 of the North Atlantic Ocean for this 
month in 1917. Owing to the fact that ocean meteoro- 
logical data are frequently not available for a consider- 
able time after the close of the month to which they re- 
late, the chart and text matter in connection therewith 
appear one year late. 

n general, appropriate officials prepare the seven sec- 
tions above enumerated; but all students of atmospherics 
are cordially invited to contribute such additional articles 
as seem to be of value. 

The voluminous tables of data and text relative to 
local climatological conditions, that during recent years 
were prepared by the 12 respective ‘district editors,”’ 
are omitted from the Montuity WeatTHer Review, but 
are collected and published by States at selected section 
centers. (See cover, p. 3.) 

The data needed in Section 7 can only be collected 
and prepared several weeks after the close of the month 
designated on the title-page; hence the Revimw as a 
whole can only issue from the press within about eight 
weeks from the end of that month. 

It is hoped that the meteorological data hitherto con- 
tributed by numerous independent services will continue 
as in the past. Our thanks are specially due to the 
directors and superintendents of the following: 

The Meteorological Service of the Dominion of Canada. 

The Meteorological Service of Cuba. 

The Meteorological Observatory of Belen College, 
Habana. 

The Government Meteorological Office of Jamaica. 

The Meteorological Service of the Azores. 

The Meteorological Office, London. 

The Danish Meteorological Institute. 

‘he Physical Central Observatory, Petrograd. 

The Philippine Weather Bureau. 


Review, December, 1917: 


The Weather Bureau desires that the Montaty WEATHER 
Review shall be a medium of publication for contribu- 
tions within its field, but such publication is not to be 
construed as official approval of the views expressed. 


CORRIGENDUM. 


Page 582, col. 1, equation (4): for 48Ap? read 14Ap?. 
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SOLAR AND SKY RADIATION MEASUREMENTS DURING 
APRIL, 1918. 


By Irvine F, Hann, Temporarily in Charge Solar Radiation Investi- 
gations. 


{Dated: Weather Bureau, Washington, D. C., May 31, 1918.] 


For a description of instrumental exposures and an 
account of the methods of obtaining and reducing the 
measurements the reader is referred to the Review for 
January, 1918, 46:2. 

The monthly means and departures from normal values 
in Table 1, show that direct solar radiation averaged con- 
siderably above normal at Washington, D. C., and about 
4 normal at Madison, Lincoln, and Santa Fe. 

Table 3 shows a deficiency of 12 per cent and 5 per 
cent, respectively, at Washington and Madison as com- 

ared with the normal radiation for April. The average 
or Lincoln was very close to normal. 

The reading of 1.51 at air mass 1.19 on April 5 is the 
highest ever obtained at Washington. This value re- 
mains unchanged when corrected for radius vector, or 
mean solar distance. The rapid decrease in radiation 
during the afternoon of this date was undoubtedly due 
to the increasing dust and haze in the atmosphere, as 
the vapor pressures changed but little during the day. 

Skylight polarization measurements obtained at Wash- 
ington on 5 days give a mean of 60 aoe cent, with a maxi- 
mum of 66 per cent on the 5th, which is as high as has 
been obtained in Washington during April since 1907. 
Measurements obtained at Madison also give a mean of 
60 per cent, with a maximum of 68 per cent on the 23d. 


TaBLeE 1.—Solar radiation intensities, during April, 1918. 
[Gram-calories per minute per square centimeter of normal surface.] 
Washington, D. C. 


| Sun’s zenith distance. 
0.0° | 48.3° | 60.0° | 66.5° | 70.7° | 73.6° | 75.7° | 77.4° | 78.7° | 
Date. | 
| Air mass 
10] 15 | 20 25 | 2 
1918 | 
A.M | cal cal, ev. eu. | cal. 
5...... 1.58) 2.42] 1.33) 224] 1.15] 
| 2.29] 2.13) Lu 1.00} 0.95 | 
1.12} 1.00] 0.87; 0.79 
Monthly | 
means.....| 1.36, 1.19| 1.03/ 0.95 0.95) 0.88 
Departure| 
from 10-year | | 
normal... .. +0.01 40.02 |—0.02 40.00 |+0.08 +0.07 |+0.15 |+0.10 |+0.03 |+0.17 
| 
P. i 
April 5...... 1.40) 1.28) 1.17] 1.07} | 0.86 | 0.80] 0.72) 0.66 
Monthly | 
“Het = aad 1.16 | (1.10) | (1.00) | (0.97) | (0.86) | (0.80) | (0.72) | (0. 66) 
Departure) | 
from 10-year) 
normal..... +0.06 +0. 09 +0. 10 13 |+0.10 |+0.20 |+0.18 |..... 
| 
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TABLE 1.—Solar radiation intensities, during April, 1918—Continued. 


Madison, Wis. 


Sun’s zenith distance. 

0.0° | 48.3° | 60.0° | 66.5° | 70.7° | 73.6° | 75.7° | 77.4° | 78.7° | 79.8° 

Date. 

Air mass. 

| | | | | 
10 | 15 | 20 | 25 | 30 | 35 | 40 | 45 | 50 | 5.5 

1918 | 
A. U. cal. | cal. | eal. | cal. | cal cal. | cal. | cal. | cal | cal. 
1.42] 1.29) 1.22) 1.15] 1.08] 1.01; 0.95) 0.90)...... 

Monthly | | | 

means..... (1.41)) 1.384 01.26) 2.12 | (1.00) | (1.08) | (1.01) | (0.95) | (0.90) 

| 

Departure | | | 

from 8-year | 

normal..../+0.02 +0. 04 |+0.04 |—0.01 |—0.08 1—@.@3 j....... 
| | 
P. 

| 2.31] 1.19/ 1.09/ 1.08)....... 

Monthly| | | | 

means..... 1.38 | 1.25 | (1.14) | (1.04)|....... 

Departure | | | | 

from 8-year } | 

normal... +0.02 |-0.02 —0.04|—0.06 |....... 

| 


ye 


Departure | 
from 3-year | 
normal......—0.05 
ae 

Apr. 8...... ieee | 1.34] 1.25] 1.18 
1,35 1.25 1.15 
| 1.28] 1:13 | 1.04) 

Monthly, 

means | 1.32) 8.20) £12) 

Departure | | 

from 3-year | | | 
+0. 06 
| 

Monthly | 

means...../ 1.47} 1.39 | (1.32) | (1.23) 

Departure | 

from 6-year | 
normal.....'—0.06 |—0.04 —0.03 _—0.02 
ru. | 

Monthly) 

means....-. 1.44 | (1.31) | (1.21) 
Departure, 

from 2- ear | 

normal... +0,12 |+0.18 |+0.14 


1.05 


Lincoln, Nebr. 


00 
00 
. 


| 0.97. 


+0.07 +0.08 | +0.07 


Santa Fe, N. Mex. 


(1. 12) 


+0.12 


0.92, 0.88 | 
0.88) 0.84) 
40.02 40.02 +0.07 | 
! i 

| 
| 
| | 
| | 
‘abs 
(0.89)!...... 
i 


A.M. | | | | 
2.16) 1:63) O05] O88) O81! O75 ).......1...... 
28. 134] 1.13) 0.98) O91 | 0,82 ees 
Monthly | 
Deans (1.44)) 1.28) 108) 0.96, 0.88 0.78 (0.75) .......|....-. 
| | 
| | | | 
| -0.06 |—0.0¢ |—0.06 |-0.10 
11 | 
1.07 | 
0.97 
| 
| 
1.05 | 0.97 
1.16 | 1.08 
1.03 
1.10 | 1.03 
—0. 08 
(1.04) 
0.06 


Apri, 1918. 


TaBLe 2.— Vapor pressures at pyrheliometric stations on days when solar 
radiation intensities were measured. 


Washington, D. C. Madison, Wis. | Lincoln, Nebr. Santa Fe, N. Mex. 
8 8 | . 8 8 8 8 8 

Date. | 4 im. p.m. | Date. |  m.! p.m. | Date. | 4m. | p.m.|| Pate: p.m. 

1918 mm, | mm 1918. | mm. | mm 1918 mim, | mm 1918. | mm, | mm, 

Apr. 2] 9.83 | 8.48 || Apr.2/ 3.63 | 4.75 |} Apr.1 | 2.74 | 4.75 |) Apr.2 3.00) 2.16 

2.26 | 2.62 3 | 2.62 | 2.62 | 4.17 | 2.62 413.00; 3.15 

6 | 3.00 | 3.63 4} 2.74 | 2.49 || § | 1.88 | 2.62 8/ 4.17 | 4.37 

14 | 4.57 | 4.75 10 | 2.16 | 2.49 |) 9/ 1.96 | 2.49 913.15 | 2.87 

15 | 4.75 | 5.16 12 | 4.37 | 2.49 |) 16 | 5.16 | 5.79 19 | 2.26 4.37 

16 | 7.04 10.21 13 | 2.36 | 2.74 18 | 4.17 | 4.57 21 | 2.87] 2.49 

17 (10.97 }14.10 23 | 3.00 | 3.00 28 | 4.57 | 3.81 22 | 2.36 | 2.62 

23 | 8.18 {10.59 


TABLE 3.—Daily totale and depariures of solar and sky radiation during 
April, 1918. 


{Gram-calories per square centimeter of horizontal suriace.] 
I Departures from I Excess or deficiency 
normal. | Since first of month. 


| 


| Daily totals. | 
Day of month. 1h Tash- 
Madi-| Lin- Madi-| Lin- | Wash-| sraqi-| Lin- 
son. coln- 1 ton 
2 


ing- ing- | 
ton. | son. | ton. son. 
eal. | eal. | cal. || cal. cal. | cal. || cal. | cal. | cal. 


380, 524! 


330) 165||—1; 384) —480| —262 
| 338 «259! —128) —192 223)-1,512; ~672, —20 


By Sain HrrayaMa. 
[Abstract reprinted from Nature, London, Apr. 18, 1918, 101:134. } 


A paper by Prof. Shin Hirayama appears under this 
title in the Proceedings of the Tokyo Mathematico- 
Physical Society, second series, volume 9, page 236. 
Utilizing observations of the radiation from different 
sarts of the solar disk which have been made by Abbot, 
Prof . Hirayama computes the transmission and radiation 
of the solar atmosphere, on Schuster’s supposition that a 
creat part of the solar radiation comes from an absorbing 
and radiating layer above the photosphere. It is shown 
that the observations are better represented in this way 
than by the previous calculations of Biscoe, in which the 
radiation of the atmosphere was not considered. The 
coefficient of transmission increases gradually with the 
wave-length, and the radiation due to the atmosphere 
ranges from one-third of the whole radiation for the 
shorter wave-lengths to nearly one-half as the wave- 
length increases. Assuming the effective temperature 
of the sun to be 6,000° Abs., it is calculated that the 
temperature of the is about 7,040°, while 
that of the absorbing layer is 5,210° 
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HALO OF APRIL 14, 1918, AT COLUMBUS, OHIO.! 
By Howarp H. Martin, Observer. 


[Dated: Weather Bureau, Columbus, Ohio, April 19, 1918.} 


A very —- and highly colored solar halo with four 
attendant parhelia and a vividly colored circumzenithal 
arc was observed at this station (lat. 39° 58’ N.; long. 
83° 0’ W.) from 4:50 p. m. to 5:40 p. m., Normal 90t 
Meridian Time. 

The accompanying drawing, figure 1, depicts the phe- 
nomenon as it appeared at the moment of greatest color 
and distinctness, viz, 5:12 p.m. The circumzenithal are 
was visible from the moment of first appearance (4:50 
p. m.) to about 5:02 p. m., and again from 5:08 p. m. to 
5:15p.m. Probably the most highly colored and brilliant 
of the four parhelia was that one observed at the junction 
of the upper bitangent are of the 46°-halo and the cir- 


Fie, 1,—Solar halos observed at Columbus, Ohio, Apr. 14. 1918 (5:12 p. m. 90th M. T.). 


cumzenithal arc. At the time of greatest intensity there 
was a faint coloring about the zenith, suggesting the 
presence of Kern’s Arc, but the coloring faded without a 
well-defined appearance. 

A light pillar extended upward from the sun for a very 
short period of time subsequent to 5:10 p. m., and at the 
same time faint fragments of upper ares of circumscribing 
halos were visible. 

The halo occurred after a day of fine weather. A 
sudden movement of cirro-stratus from the southwest 
occurred between 3:30 p.m. and 6 p. m., with a stationary 
barometer and a temperature of 64°. The cloudiness 

assed as quickly as it came and the phenomenon was 
ollowed by no immediate weather change of note, al- 
— precipitation occurred during the subsequent 36 
ours. 


NOTE. 


In the sketch, figure 1, furnished by Mr. Martin, there 
are indicated two very unusual forms, and in addition one 


i} Publication approved by Division of Aérological Investigations. 
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that does not seem to have been heretofore observed. 
The first two are those marked aa and bb, which appar- 
ently are the upper bitangent arc of a halo of 46° and part 
of a ‘“‘secondary” parhelic circle, respectively. At the 
intersections of these two arcs were observed bright spots 
which might be called “‘secondary” parhelia of 46°. The 
“secondary” parhelic circle was probably caused by the 
vertical parhelion at ¢, which in turn was produced by the 
intersection of the light pillar and the 22° halo. 

The ares dd are difficult to account for. Possibly they 
are parts of an “‘eliptical helio-centric halo,” similar to 
that observed by unink in 1901, and referred to by 
Besson, Montuty Weatuer Review, July, 1914, p. 445, 
top of column 1.— W. R. Gregg. 


INFERIOR ARC OF 46°-HALO, APRIL 25, 1918.' 
By J. Laxe Vesper, Assistant Observer. 


(Dated: Weather Bureau Office, Columbus, Ohio, May 20, 1918.) 


A very interesting and unusual? optical phenomenon 
in the form of a double solar halo was observed at this 
station, Columbus, Ohio, on April 25, 1918. 

When first noted at 11:50 a. m., 90th meridian summer 
time [?], it was exceedingly well defined and evidently 
had been visible for some time previous. Its duration for 
attractive brilliancy lasted until 12:40 p. m., after which 
it gradually faded. 

The time of day at which it occurred (the sun being 
almost at its maximum elevation in the sky) was most 
advantageous for the observation of the complete 22°- 
halo. It was accompanied by the lower arc of a 46°-halo, 
the arc measuring approximately 50° in extent. The 
brilliancy of the 22°-halo was well defined for the 360°, 
with the exception of the lower segment symmetrical 
with the are of the 46°-halo. This segment had attained 
a very great brilliancy, causing the arc of the 46°-halo 
to be visible. 

The latter lacked somewhat the brilliancy of the 22°- 
halo, but the color was well defined, with the blue pre- 
dominating. 

A double solar halo observed at this station by Mr. 
T. G. Shipman, August 1, i911, at 12:10 p. m. [90th mer. 
time], was similar, the radius of the outer halo being 46° 
and the inner 22°. Its coloring was very marked and 
beautiful. 

Dr. Louis Besson, in his article, ‘‘The Different Forms of 
Halos and Their Observation”’ (this Revrew, July, 1914, 
42 : 438-9), states that the average frequency of such 
phenomena at Paris is eight days per annum, and in two- 
thirds of the cases only the superior portion of the 46°- 
halo is visible. This case of the lower arc is therefore a 
rare one and worth recording here. 


ELLIPTICAL HALOS OF VERTICAL MAJOR AXIS. 
By J. B. Date. 
(Craigness, New Malden, Surrey, Apr. 10, 1918.) 


[Reprinted jrom Nature, London, Apr. 18, 1918, 101 : 126.} 


The accepted explanation of the halos of 22° radius 
which are seen surrounding the sun and moon implies 


1 Publication approved by Division of Aérological Investigations. 

2 The 46°-halo or its upper arc is not so very rare in this country. The Review for 
July, 1914, pp. 431-436, presents in its figures 1, 3, 5, and 8, illustrations of 46°-halo seen in 
November, 1913; cases of the 46°-halo are also reported in the Review for October, 1917, 
p. 486, and jor May, 1935, p. 215.—c. a., jr. 
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that they are exactly circular in form. About two 
years ago, however, ? noticed a halo which appeared 
to be elliptical with the major axis vertical. I was 
unfortunately unable to take any measurements on 
that occasion, but on March 18, 1918, a lunar halo, which 
was visible for a considerable time during the even- 
ing, also appeared to possess a decided, though slight 
ellipticity. That this ieviation from the circular form 
was not an illusion I was enabled to verify by noting the 
positions of Capella and 7 Geminorum relative to the ring. 

At 7:30 p. m. Capella appeared to be exactly upon the 
inner edge of the fudto, while y Geminorum was within 
the ring at a distance from it, which, as nearly as I 
could judge, was a quarter of the moon’s diameter. 
From these data I find that the radii of the halo measured 
from the centroid of the illuminated disk of the moon 
through these two stars were 22.8° and 21.4°, respectively. 
Assuming that the halo was elliptical with the major axis 
vertical, { deduce values of 23.3° and 21.4° for the semi- 
major and semiminor axes. I am aware that a more or 
less complete halo, the major axis of which is horizontal, 
is occasionally seen surrounding the 22°-halo, but records 
of halos elongated vertically are rare. In 1908 Prof. 
Schlesinger noticed one, the axes of which were about 
7° and 4°. 

Sir Napier Shaw informs me that very little is done 
in this country on the shapes of halos, so that this letter 
may serve to direct attention to the desirability of 
obtaining accurate measurements. 


REAL VELOCITIES OF METEORS.’ 
By Cuares P. Oxtvier. 
{Reprinted from Science Abstracts, Sect. A, Jan. 31, 1918, § 29.) 


From a list of real flights of meteors observed by 
members of the British Astronomical Association (B. A. A. 
Journal, January, 1917), eight doubly-observed mete rs 
are selected as assigned to a radiant near R. A.=302-, 
Decl. —8°. This position is not far from the ecliptic, and 
appears to be a very likely example of a stationary 
radiant. To investigate the orbits reductions were 
made by Bauschinger’s method, and the results are pre- 
sented in a table showing the elements for each meteor 
orbit. Some difficulty is introduced by the importance 
of the duration of the time of flight, the observation of 
which is scarcely accurate enough when made visually, 
and it is hoped that systematic work may soon be done 
with photographic registration, apparatus having been 
designed for this purpose by the late Cleveland Abbe. 
It is concluded that the radiant under discussion is the 
most promising of all those hitherto examined with regard 
to its likelihood of being a stationary radiant.—C. P. 
B{utler). 


VISIBLE WEATHER [CHINOOK WEATHER j !]. 


The following interesting communication, by Robert 
T. Pound, is reprinted from Scientific American, New 
York, February 16, 1918, page 147: 


Lavina, Fercus Counry, Monr. 
[Lat. 46° 12’ N., long. 109° W.] 
On December 14 [1917], after several days of storm, my brother and 
I noticed that the western end of the Pig Snowy Mountains, about 20 
miles northwest of our place, seemed strangely distorted, the distor- 


* The Observatory, October, 1917, No. 518, p. 365-368. 
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tion extending about halfway up the mountain. On closer examina- 
tion we notice | that this distortion was moving from west to east at a 
tre nen lous rate, still keeping the same height as when first observed. 
Becaitse of the similarity of the waves in this effect. to the heat waves 
sometimes seen on a hot summer day, we at once concluded that this 
was a chinook [sic]. The temperature when we first observed the 
chinook, at 10:30 o’clock, was 4° F.; the succeeding temperatures were 
as follows: 


° 


While this temperature rise is not as phenomenal as a drop of 40° 
in 30 minutes, which I observed on February 3, 1917, still it is of 


vastly more benefit to the stockman. Chinooks which occur here 
are invariably accompanied by a high wind from the west or north- 
west. Inasmuch as the generally accepted theory is that these winds 
come directly from the Pacific Ocean, it would be interesting to learn 


why only two or three chinooks, at the most. occur during a season in 
which 90 per cent of the winds are high and from the two above-named 
directions 


[The date given in this communication was one on 
which a chinook was blowing over the Big Snowy. 
There was a sharp rise in temperature amounting to as 
much as 40° at Havre, Mont., on the morning of Decem- 
ber 15. From the observer’s position at Lavina the Big 
Snowy Mountains lie directly northwest and about 20 
miles distant, as he states, but without a more precise 
description of the nature of the distortion in the image 
of the mountains it is difficult to say whether the warm, 
dry air of the chinook actually caused it or not. Similar 
observations in connection with a chinook or a foehn 
have not come to the bureau’s attention. 

The present phenomenon accompanied what was un- 
doubtedly a case of the ‘‘dry” chinook wind, a wind 
which is not at all related genetically to the Pacific 
Ocean, but derives its warm, dry nature from the forced 
rapid descent along the topography under the compulsion 
of the existing pressure distribution. See this Review, 
April, 1907, 35:176, column 2.] 


WEATHER BUREAU OBSERVATIONS IN CONNECTION WITH 
THE SOLAR TOTAL ECLIPSE OF JUNE 8, 1918. 


By H. H. and S. P. Fergusson. 
{Weather Bureau, Washington, D. C., June 19, 1918.] 


The Weather Bureau observational campaign related 
to the solar eclipse of June 8, 1918, was planned by the 
authors jointly. The studies in radiation were partic- 
ularly = som and executed by Prof. Kimball; while 
the general meteorological observations were planned 
and instructions prepared by Mr. Fergusson. 

Radiation observations.—The Weather Bureau _ob- 
servations of radiation were made by Prof. Kimball at 
the special station established at Goldendale, Wash. 
(lat. 45° 50’ N.; long. 120° 48’ W.; alt., 1,650 feet’). 
There he installed a Smithsonian pyranometer for meas- 
uring the intensity of both the direct solar radiation and 
the diffuse sky radiation; and also a pyrgeometer of the 

ngstrém type, for measuring the intensity of the out- 
going radiation at night and also during totality. Ob- 


1 Based on local railroad determination. 
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servations with the pyranometer were commenced 
June 4, 2 p. m., 105th meridian time, and con- 
tinued at frequent intervals each day until 8 p. m. of 
Jung 8. Observations with the pyrgeometer were made 
each night from June 4-5 to June 9-10; those on the 
night of June 4-5 continued at frequent intervals from 
8 p. m. to 4 a. m., on other nights they were generally 
made between 8 and 11 p. m. The pyranometer was 
also employed in measuring outgoing radiation. 

Near the radiation apparatus was installed an instru- 
ment shelter screoning a thermograph, hygrograph, 
maximum and minimum thermometers. Continuous 
records of temperature and humidity were obtained 
from June 4, noon, to June 10, 10 a. m.; and were sup- 
plemented by eye readings of an Assmann ventilated 
and of a sling psychrometer at hourly intervals from 9 
a.m. to 6 p. m. each day. 

At the same hours a record was made of d'rection and 
force of the wind, and the kind, amount, and direction 
of clouds. 

On June 8, for an hour preceding and following the 
total phase of the eclipse, the wind, cloud, and psychrom- 
eter observations were made at 10-minute intervals. 

During totality excellent measurements were obtained 
of the intensity of outgoing radiation. 

Meteorological observations.—The program of meteor- 
ological observations was based chiefly on certain re- 
sults of studies by Clayton, Bigelow, and others of the 
eclipses of May 28, 1900, and August 30, 1905. The 
field work was limited to observations of atmospheric 
pressure and temperature, direction of wind, clouds, and 
shadow-bands. On the day of the eclipse special ob- 
servations of pressure, temperature, wind, and clouds 
were made every half hour, beginning at noon and end- 
ing with the last regular telegraphic observation of the 
day. From an hour before until an hour after totality, 
however, the observations were made every 10 minutes. 
In order to allow for local changes of any kind, addi- 
tional observations of wind direction were made at corre- 
sponding hours daily from June 3 to 15, inclusive. 
Pressure observations were careful eye-readings of a 
mercurial barometer, and wind observations were of a 
vane reflected in the mirror of a nephoscope, thereby 
— determination of direction to less than 5° 
of arc. 

These observations were made at about 55 stations, 
nearly all located west of the Mississippi and within the 
zone of 90 per cent obscuration. Pressure was observed 
at 45 stations; temperature at 15; clouds at 36; and wind 
direction at 17. 

Continuous records of temperature, pressure, and wind 
velocity are, of course, available from a number of regu- 
lar stations of the Weather Bureau within and negar the 
path of totality. Special instructions for observing 
shadow-bands were sent to many regular and cooperative 
observers suitably located. 

The reports of these special meteorological observa- 
tions are now coming in rapidly and indicate generally 
that partly cloudy or cloudy weather prevailed through- 
out and near the path of totality as far eastward as 
special observations were made. Probably this con- 
dition of the sky seriously interfered with observations 
of shadow-bands. 
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SECTION Il.—GENERAL METEOROLOGY. 


SOLAR DISTURBANCES AND TERRESTRIAL WEATHER. 
By Extsworts Huntineron, Research Associate in Geography. 
{Dated: Yale University, New Haven, Conn., Mar. 7, 1918.] 


{ Continued from this Review, March, 1918, p. 141.) 


Il. Sunspots ComMparRED WitrH CHANGES IN THE 
WEATHER. 


Solar quadrant differences compared with changes of 
barometric gradients for all days during 1904-1918. 


The first article of this series led the writer to the 
conclusion that storminess in the North Atlantic Ocean 
is closely associated with differences in the amount of 


northern part of the North Atlantic and decrease for 
the southern. On the other hand, by using the change 
in gradients we employ perhaps the best of all means of 
measuring the total, variability of the weather. For the 
solar data we use the quadrant differences as already 
defined—that is, the difference between the sum _ of 
{A+ D] (fig. 3) and the sum of [B+C] without regard to 
which of the two sums is larger. 

Let us first divide all the days of the 6-year period 
1904-1909 into groups on the basis of the quadrant 
differences in the sun. As appears in Table 6, group A 
consists of 653 days having a quadrant difference of 10 
or less, group B of 284 days with a difference of 11 to 
20, and so up to group H, consisting of 156 days, with a 


TABLE 6.—Changes in barometric gradients of all days, March, 1904, to December, 1909, compared with solar quadrant differences (see fig. 9) 


{N=Sum of changes of gradient in northern section of North Atlantic; S=Sum of changes of gradient in southern section of North Atlantic.] 


A, 0-10. 


Quadrant difference. B, 11-20. C, 21-30. 


| 
36! 65 1,074 1,067| 31 | 563} 39 

36) | 
39! 601| 698| 33 541) 54 
1550; 51! 853| 36, 587| 35 


D, 31-50 


S. |Days.! N. 8. | Days. N. | 8. |Days. 


962,300! 50, 804; SIS; 33 77; 541 59 | 
612,065: 43) 643/ 925; 38) 573) 699; 37) 


11,838 | 284 /4,555 [5,115 | 206 3,088 3,574) 273 4,219 4,991 | 258 4,347 4,635, 
5.9| 18.2]......| 16.0) 18.1]...... ty 16.8 


E, 51-75. 


F, 76-100. G, 101-150. H, over 150. 


| | | | | j 
N. | 8. |Days.) N. S. |Days.| N. 8. Days.) N. 8. 


| Days.| 

| 

| 


! 
| 
= 


633761, 612) 612) 337) 782! 25! 300, 508, 26/ 411| 427 
i | | | | | 

| 156 2,219 3,255, 145 |2,464 2,603 156 2,958 | 2,929 

15.5 | 18.3 |...... 18.0 | 14.2 | 20.8 |...... 37.0 26.0 )....+. 18.8 


TABLE 7.-—Changes in barometric gradients of all days, March, 1904, to December, 1913, compared with average solar quadrant differences for the period 
of four days ending with the day of the observed change of gradient (see fig. 9). 


{N<for northern section of North Atlantic Ocean; S=for southern section of North Atlantic Ocean.} 


Quadrant differ- 


we ony A, 0-5. B, 6-10. C, 11-17. D, 18-25. 

Year. \Days.;| N. | 8S. | Days.) N 8 | Days.| 

607; 709) 36) 525 671} 50| 776; 971} 52; 
11) 128; 185) 17) 228, 296; 22) «204! 479) «512 
1906.........--..---; 39) 502) 809) 25, 48, 783/1,119 32 486 
11} 250! 139; 23) 431, 459) 33) 404) 506 27] 380 
| 39! 671 732) 35) 666) 54| 33 409 
85! 581) 534! 361 551) 43) 7491 790 386 
1910. .... 
1911-1913........... $98)14, 89416, 311 73.1, 2641, 201/50) 631,1,007, 499 


| | 


spottedness upon different portions of the sun’s surface. 
It appeared that during the years 1904-1909 pronounced 
barometric disturbances occurred when the spottedness of 
the marginal portions of one pair of diametrically united 
solar quadrants greatly exceeded the + nego in the 
other pair of quadrants. One of the best tests of this 
conclusion is to reverse the order of procedure. Instead 
of proceeding from the earth to the sun, let us start with 
the supposed solar cause and compare it with the sup- 
posed result. For the sake of varying our terrestrial 
data we may this time use neither the absolute strength 
of the barometric gradients, nor their increase or de- 
crease, but their change from day to day, no matter in 
which direction. Judging from figures 5 and 6 (pp. 
129,130) this method will perhaps not give such striking 
results as if increase of gradients were used for the 


N. 8. |Days., N. | S. | Days. N. | 8. |Days.) N. 


| 16.4) 18.1)......| 16.6 15-4) 19.0)......} 15-0 14.7) 18.8) 17.3]......| 17-1] 20.0......1 16.4) 18.0, 18.9 19.2 


E, 26-37. F, 38-50. G, 51-75. | H, 76-125. I, over 125. 


| | | j | 
| |Days.} N. | |Days.| N. 8. (Days. N. | &, 
| | 


| = 


30, 411) 609 266 251) 134, 136 


630, 53) 985} 943 50, 802) 863! 56; 935 1, 263 62 1,020.1, 152 56, 997.1, 121 


61/1, 093 1, 087 46, 918; 767 8 112 136 
68/1, 029 1, 506 60, 995/1, 105 57\1, 307)1, 153 
69/1, 475 1,170 21; 305; 328 15, 199) 126 


| 74s 713, '6471,101 36,639! 626, '8611,182 39, 555, 878, 30, «479, 532 
129) 2,002! 2,393) 34) 582) 7 36] 637) 401 47, 7341,030 43) 524 776 474) 534, SSS 192) 1983, 5 
532, 364 | 16 1 


1, 205/19, 725/21, 762, 29814, 458.5, 208, 407\5, 90017, 250 288.4, 282.4, 641] 374/0,382 7,478 280 4, 26714, 692 


171\3, 2283, 294 


difference of over 150. If these solar differences are 
really responsible for changes in the weather, we should 
expect the daily change in gradients to increase fron 
group A to group H. The extent to which this is the 
case is shown in figure 9. Here the height of the curves 
above the zero line at the bottom indicates the degree 
of variability of the weather. The distance from left 
to right indicates the solar activity in terms of the 
difference between the sunspot areas in the marginal 
portions of the two pairs of diametrically united quad- 
rants. If our hypothesis is right the curves ought to 
rise from left to right. 

In figure 9 the upper dash lines represent the baro- 
metric variability of the southern section of the North 
Atlantic. Below these come solid lines representing the 


average for both sections of the Atlantic, and dotted 


— 
612) 440; 268; 10! 213, 197 7; 7 
1,275 748 | 882; 49 841 963; 32' 518; 819 37 | 632, 6285 44 S88 | 900 
861 964 50: 726: 825; 29! 560; 508 26; 525, 455, 12) 167) 171 
EES 572 572 54 954 937 | 27 318 590 29 491 410' 653 °1,183°) 1,171 i 
| 
Total..........| 653 
158 853, $3 36 660, 567 
Total for 1904-1913. 
Average for 1904- 
» 
t 


Apri, 1918. 


lines for the northern section. According to these lines 
barometric variability appears to be greater in the 
southern section of the North Atlantic than in the 
northern. As already explained, however, this is merely 
because the wr for gradients have been reduced to 
percentages. In the left-hand part of figure 9 one of 
the first features to attract the eye is the marked rise 
of one curve and fall of the other between 80 and 100. 
This means that during the group of days marked F 
there happened to be an unusual number of storms with 
courses more southerly than the normal. They caused 
unusually great changes in the weather in the southern 
section of the North Atlantic where high pressure gen- 
erally prevails, while the northern section was unusual] 

free from such changes. This is significant because it 
indicates that if it were possible rigidly to separate areas 
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the North Atlantic Ocean. This is especially true in the 
northern section, for there the variability in group A 
is only 15.9 while in group H it is 18.9, a difference of 19 
per cent. 

If instead of group H, which includes 156 days having 
quadrant differences of over 150, we take a smaller group 
of 87 days with quadrant differences of over 200, the 
average variability from day to day in the northern 
section of the North Atlantic rises from 18.9 to 19.1. 
This is 18 per cent above the general average, which is 
16.2, and 20 per cent above group A. Among the 87 
days of the group with largest quadrant differences, 43 
show an increase in gradients, averaging 18.8, while 44 
show a decrease averaging 19.4. 

If a difference in the solar quadrants for only a single 
day produces a terrestrial effect, a continuance of such a 


SOLAR DIFFERENCES 1904 - 1913 
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X, changes in northern section, 1904-1907. when sunspots wereabundant or increasing. 
Y, changes in northern section, 1908-1913, when sunspots were scarce or decreasing. 


Fig. 9.—Changes in barometric gradients from one dav to the next.in relation to days having varying differences hetween the areas of the umbra in the NW.+SE. quarters of 
the sun’s visible disk, at a distance of more than 30° from the central meridian and in the NE.+SW. quarters, 


of high and low pressure our solar relationships would 
appear more distinct than is now the case. 

Taking the lines in the left-hand part of figure 9 
separately and disregarding the minor fluctuations, wo 
see that aside from the point F the dash line representing 
the variability of the weather in the southern section 
has a slight tendency to rise from left to right. The 


average change of gradients from day to day in groups 
A to D is 18 per cent while in groups E to H it is 18.9 
per cent. In the northern section, as appears in the 


dotted line, the rise from left to right is greater, i 
from 15.6 in groups A to D to 16.7 in groups E to 

Except for an accidental depression in group C, the com- 
bined line for the two sections rises rather steadily from 
17 at the left end (group A) to 18.9 on the right (group 
H). Thus there is evidence that the greater the solar 
difference the greater the variability of the weather in 


difference would presumably produce a greater effect. 
Therefore in Table 7 and in the right-hand part of figure 
9 all the days from 1904 to 1913 are classified into 9 
groups according to the average difference in the solar 
= during the period of 4 days ending with the 

ny in question. In group A this average quadrant 
difference is 5 or less, in group B, 6 to 10, and so on up to 
group I where the average differences are over 125. In 
spite of considerable irregularity the three upper lines in 
the right-hand part of figure 9 show a stronger upward 
tendency from left to right than do the correspondin 
lines in the left-hand part of the diagram. Years o 
many and few sunspots, however, by no means act alike. 
This is evident from lines X and Y in figure 9. Line X 
pertains to the years 1904-1907 when sunspots were 
increasing. Line Y pertains to 1908-1913 when sun- 
spots were decreasing. 
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The zero point of X and Y, it will be noted, has been 
placed lower than that of the other lines in order to avoid 
- overlapping. Curve X has a pronounced upward tend- 
ency. The right-hand end is more than 30 per cent 
higher than the left, and the irregularities are small. 
Curve Y on the other hand, scarcely shows any distinct 
tendency either upward or downward. The average of 
groups A to E, to be sure, is 15.22, while that of F to I 
is 15.75. Nevertheless, here, just as in a previous case, 
we are confronted by what seems to be a contradiction; 
in general the greater the solar differences the greater 
the barometric disturbances, but when the sun’s surface 
becomes unusually quiet this generalization breaks down. 

This apparent anomaly is similar to one found by 
Arctowski' in studying the relation of the solar constant 
to the number of sunspots. For all the years for which 
Abbot’s solar constants were available at the time of 
writing, Arctowski divided the days having reliable solar 
observations into groups of 10 arranged according to 
the intensity of the constant. He then compared the 
average constants for each group with the average areas 
of the solar umbre for the same 10 days. I have com- 
bined his 10-day periods into two groups for each year as 
appears in Table 8. The groups are as nearly equal as 


possible. The one marked A in each case contains the 
days having the lowest constant and B the highest. 
TABLE 8 
Solar | Area | Solar | Area 
Year. con- | of jj Year | | oO 
stant, | stant. 
1.99] 212 1.88 | 96 
1.99; 133 | 1.89 | 64 
2.04! 207 | 1.94 | 52 
1.92 122 }; i 1.90 | 7 
1.96| 170 | 1.95 | 


In 1905, 1906, and 1908, when sunspots were numerous, 
an increase in spottedness and in the solar constant oc- 
curred together, for B in each case is larger than A. In 
1909, however, we find a sharp reversal. In the column 
of umbre B is smaller than A. Similar conditions con- 
tinue in 1910 and 1911. 

This anomaly is probably of the same kind as that 
which we have found in the relation between quadrant 
differences and changes in barometric gradients. Ap- 
parently sunspots are not in themselves the cause either 
of an increase in the sun’s thermal radiation, or of a 
change in the barometric conditions of the earth. All 
three are apparently merely the results of some other 
cause. Suppose for the moment that the primary cause 
of variations (1) in the solar constant, (2) in the area of 
sunspots, and (3) in terrestrial storms is the eruption of 
intensely heated gases or vapors from the lower part of 
the sun's atinosphere. This, we will suppose, is followed 
by the formation of vaporous clouds which at first «poe 
as bright facule, but later become relatively cool and 
dark, and are sucked downward in the vortices known 
as sunspots. We will assume further that at such times 
the solar constant varies in harmony with the area of the 
sunspots, and the disturbances of terrestrial weather 
show a similar variation. Suppose, however, that the 
circulation of solar vapors is relatively mild. [t might 
easily happen that the clouds of vapor would be so thin 
that we could not detect them, and that the downward 


a ——— H. Sur les fluctuations de la constant solaire. Comptes rendus, Paris, 
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movements would not be sufficiently concentrated to 
form visible dark spots. Yet the observed changes in 
the solar constant and in the weather might go on. Thus 
variations in both the solar constant and the weather 
may be closely associated with sunspots when the sun’s 
surface is highly active, but may also arise from the same 
causes even when there are no visible signs of such 
activity. 

Comparison of extreme solar disturbances with North 
Atlantic gradients. 


Krom this brief excursion into the realin of theory let 
us turn back to actual facts of observation. Let us test 
various methods in order to see how far the method of 
quadrant differences is justified. We will inquire first 
what happens on the earth for 8 days before and 8 days 
after the periods when the quadrant differences and 
several other types of solar phenomena are at their 
height. Such an inquiry is illustrated in Table 9 and 
figures 10 to 14. The height of the curves indicates the 
degree of variability from day to day. The time when 
a given condition prevails is shown by the numbers at 
the top or bottom. ‘The ‘‘days of solar disturbance’”’ are 
of many types. All alike include all the days of their 
particular type in the 10 years, 1904-1913. It so hap- 
pens, however, that owing to the small sunspot numbers 
of the years 1911-1913, no days from 1911 and 1913 and 
only one or two from 1912 enter into any of these dia- 
grams. The days of disturbance may occur singly, or 
more often in periods of two, three, or in rare cases, six 
or seven days. The interval between two such periods 
may be anywhere from one day upward. Only about 30 
per cent of the time does the interval between the end of 
one period and the beginning of another amount to 16 
days or more. Hence only in this proportion is it pos- 
sible to carry the figures to the full limit of eight ten 
before the beginning of a disturbance and eight days 
after the end without repeating one or more days. Such 
repetition not only would give the days in question undue 
weight, but would cause days which are influenced by the 
specified solar conditions to be reckoned as if they came 
before such conditions, as well as during or after them. 
Hence in preparing Table ° it has been necessary to 
adopt a somewhat complicated method which can best 
be understood from the following example: 


Example illustrating method of preparing Table 9. 


Days before. Days of solar dis- 


turbance. Days after. 


Ren 
1) 1/2) 3) 2)3)4 5|6/7|8 
} | 4 | 


June 28, 1905, was the first day of a quadrant differ- 
ence of over 100. The change in the gradient index in 
the northern section of the North Atlantic from June 
27 to June 28 amounted to 30 per cent of the normal 
gradient for that date. Hence the number 30 is re- 
corded opposite June 28 under the first ‘‘day of solar 
disturbance.”’ The next two days were also marked by 


quandrant differences of over 100. Hence their changes 
of gradients, 2 per cent and 40 per cent, are recorded 
under the second and third days of solar disturbance. 


j ! 
| 
& 
¥ 


1918. 


Previous to June 28 there were no ome quadrant 
differences for some time. Hence it is possible to record 
the ‘‘days before” to the full number of 8. The first 
‘“‘day after” the end of the solar disturbance was July 1, 
with a change in gradients of 4 per cent. Beginning 
with this day we have a series of 9 days falling between 
the end of one solar disturbance and the beginning of 
another. These are divided so that 5 fall among the 
‘days after’? and 4 among the ‘‘days before.” With 
July 10 we enter upon a disturbed period of unusual 
length. Between the end of this disturbance and the 
beginning of that of July 19 only two days intervene. 
These days are snennsinaliiy influenced by the conditions 
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The net result of this method is that we have in the 
center a group of days which are unmistakably under the 
influence of strong solar disturbances. On either side 
we have days which are not so much under that influ- 
ence. They are by no means free from it, however, for 
disturbances do not begin and end suddenly. Moreover, 
at intervals of 10 or more days before and after the 
beginning of solar disturbances, as has already been 
explained, there are almost sure to be other disturb- 
ances due to the fact that the disturbing groups of 
sunspots reach an effective position first on the sun’s 
eastern margin and then on the western. Hence, even 
if quadrant differences were the only cause of baro- 


TaBLe 9.—Changes in barometric gradients in relation to solar differences, 1904-1913. 


{N==northern section of North Atlantic. Ssouthern section of North Atlantic.] 


4. IN RELATION TO 138 PERIODS WHEN THE QUADRANT DIFFERENCE EXCEEDS 100. (See Fig. 10.) 


Days before. Days of solar disturbance. Days after. 
{ 
| 
Number of days........ | 39) 47 19} 55 63} 67 74 90 fF 138 82 58 | 34 ll 2 1 OF} 1388] 120; 107} 101 61 of 50 ta 
Average changt oN 18.4 | 18.3 | 17.5 | 14.2 | 15.4 | ee 16.3 | 14.0 § 16.5 | 16.2 | 21.6 | 19.1 | 18.8 | 14.5 | 33.0 ]...... 17.3 | 15.3 | 16.1 | 17.2 | 14.1 | 14.5 | 16.9); 15.2 
gradients. .......(3.-.| 17.1 | 19.3 | 18.8 | 19.6 | 19.1 | 19.3 17.4 | 19.2 § 17.5 | 17.9 | 20.3 19.8 | 11.1 | 24.0 | 44.0 ]...... 19.8 | 17.0 | 18.5 | 19.5 | 20.6 | 17.5 | 17.9; 16.1 


B. IN RELATION TO 144 PERIODS WHEN THE DIFFERENCE BETWEEN THE UMBRAL AREA ON THE EAST SIDE OF THE SUN WITHIN 60° OF THE MARGIN AND ON THE WEST SIDE WITHIN 60° 


OF THE MARGIN, EXCEEDS 100. 


Number of davs........ | 35 | 38 | 44 51 59 62 | 69 90 144 96 | 63 43 14 3 | 2 | 1] 144] 125! 114} 102 55 49 42 36 
Average change oe | 17.2 | 15.4 | 15.8 | 14.71 16.6 | 14.5 14.5 | 15.2} 16.9 | 15.0 | 20.4 | 16.1 | 20.1 | 18.7 15.0 | 24.0 § 16.6 | 16.2 | 16.2 | 14.8 | 16.2 | 14.61 17.9] 17.3 
gradients........ an 17.4 | 17.0 | 20.6 | 20.7 | 18.9 | 20.0 17.8 | 18.9 | 17.9 |.19.1 | 19.8 | 22.6] 9.9] 7.7 | 16.0 | 16.0 § 17.1 | 17.1 | 19.8 | 18.6 | 16.9] 18.2] 18.2] 14.4 
C. IN RELATION TO 110 PERIODS WHEN THE UMBEAL AREA WITHIN 30° OF THE SUN’S CENTRAL MERIDIAN EXCEEDS 100. (See Fig. 13.) 
Number of days........ | 40 48 | 52 56 66 | 71 } 78 81 110 82 64 53 30 8 5 5 110 98 90 86 64 54 50 45 
Average change offN..| 15.4 | 15.6 | 15.9 | 16.5 | 16.3 17.2 | 15.2 | 16.2} 16.5 | 16.4 | 16.8 | 16.2] 13.9) 12.1} 8.6) 6.6915.8 | 14.5 | 19.7 | 15.7 17.0] 19.2] 16.0; 15.8 
gradients........ ve 20.3 15.3 | 21.6 | 22.3 | 18.3 | 20.8 20.6 | 19.6 9 19.0 | 14.4 8.9 | 15.9 13.3 | 10.3 | 15.4 | 14.49 16.6 | 18.0 | 18.5 | 18.5 | 18.1 | 19.9 20.0} 22.0 
| | 


p. IN RELATION TO 53 PERIODS HAVING AN UMBRAL DIFFERENCE OF OVER 100 BETWEEN THE AREAS NORTH AND SOUTH OF THE SUN’S EQUATOR AND WITHIN 60° OF THE SUN’S MARGIN, 
BUT HAVING A QUADRANT DIFFERENCE OF LESS THAN 100. 


{ 
Number of days........ | as! a5! as! a2] a7] asf of... ss{ si] si! a1] 37| 35| 34 
Average change of gra- | | 
dionts............N..| 16.9 | 18.1 | 14.6 | 15.1 19.2 | 14.4 17.1 | 14.5 15.4 | 12.3 | 14.5 17.3 | 16.7 | 19.9 | 15.5 16.4 | 18.1) 16.3) 14.6 


FE. IN RELATION TO 79 PERIODS HAVING AN UMBRAL AREA OF OVER 100 IN THE COMBINED EAST AND WEST SECTIONS OF THE SUN WITHIN 60° OF THE MARGIN, BUT HAVING A QUADRANT 
DIFFERENCE NOT EXCEEDING 50. 
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79 | 8? 66 60 38 32 31 31 
| 16.6 | 16.3 | 18.6 | 17.1 | 18.5 | 19.0) 15.7 


¥. IN RELATION TO 159 PERIODS WHEN THE DIFFERENCE BETWEEN THE UMBRAL AREAS WITHIN 60° OF THE SUN’S MARGIN IN THE NORTHERN HEMISPHERE PLUS THE DIFFERENCE BE- 
TWEEN SIMILAR AREAS IN THE SOUTHERN HEMISPHERE, AMOUNTS TO 100 OR MORE. 


40| 46) 51 | 94) 159] 108 | gol 26 4 | 4 | 1} 150] 138] 125! 57] 48 | 43| 37 
\verage change of gra- | | | } | 
17.1 | 14.2 14.4 | 16.0 | 17.0 15.4 | 14.2 13.9 16.4 15.9 18.6 | 16.4 18.8 16.4 
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of the preceding period of solar disturbance. They can 
scarcely be influenced by the solar disturbance that 
comes after them. Hence they are reckoned as the 
first and second days after a disturbance, and all the 
days before the disturbance of July 19 are left blank. 
The same method is followed whenever the number of 
days between the disturbances is 4 or less. If the 
number is from 5 to 8, however, the days beyond 4 are 
reckoned as preceding the second solar disturbance. 


2 Such periods are so rare that in plotting the results of this tabulation in lines A to 
C, figs. 19 and 14, all days from the sixth onward are reckoned with the fifth, while 
in lines D and &£ of fiz. 10 all from the fourth onward are reckoned with the third. In 
fig, 11 the sixth, seventh, and eighth are reckoned as a separate group, while in fig. 
123 all from the fifth to the eighth are reckoned with the fourth. 


metric differences, we should not expect barometric 
variability to fall to a low ebb during the days before 
and after the times of solar disturbances. 

There are other and stronger reasons why the baro- 
metric variability does not fall to a low ebb at times 
when quadrant differences in the sun are small. One of 
these is the fact that when a barometric disturbance 
has once arisen, no matter what the cause, it often per- 
sists many days and travels long distances. Thus a 
disturbance which arises thousands of miles away may 
be felt in the Atlantic Ocean one or two weeks later. 
Another imprrtant consideration is that variations in 
the sun’s heat, as measured by the solar constant, 
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appear to influence barometric gradients. Such varia- 
tions in the solar constant, however, occur on an im- 
portant scale at times when there are no visible quadrant 
differences. Again, we are by no means sure that the 
quadrant differences give a full measure of the solar 
activity which causes barometric disturbances. As has 
already been indicated, the activity of sunspots is prob- 
ably merely one of the more striking results of solar 
changes which give rise to a variety of phenomena. 
Among these phenomena may be included not only the 
solar constant, but facule, prominences, and magnetic 
variations. Most important of all, we should not expect 
barometric variability to fall to an extremely low ebb at 
times of low quadrant differences because the sun is 
continually changing its altitude. Even if the sun’s 
radiation were absolutely constant, barometric variations 
would still occur because the angle at which the sun’s 
rays reach the earth varies not only from hour to hour, 
but from season to season, and from place to place. 
Hence the distribution of heat upon the earth’s surface 
constantly varies, and there must be corresponding 
changes in atmospheric pressure. Thus it appears that 
in our study of quadrant differences we are not dealing 
with the entire cause of variations in atmospheric pres- 
sure, but with a hitherto unrecognized cause which appears 
to be superposed wpon the other causes. When it is un- 
usually strong it may temporarily outweigh the others, 
but when it 1s weak they reassert their supremacy. 

We have now reached the most critical part of our 
investigation. We must compare the barometric vari- 
ability represented by line A in figure 10 with the varia- 
bility represented by the other lines in figures 10 to 14. 
In order to facilitate comparison all the lines have been 
smoothed by the formula }(@+2b+c)=b. This, how- 
ever, does not alter the main outlines, as may be seen 
from the.original figures in Tables 9 and 10. 

Line A in the upper part of figure 10 is based on the 
first part of section A of Table 9. It includes all days 
(138) having a quadrant difference, or solar disturbance 
as we may say for convenience, of over one hundred 
millionths of the sun’s visible surface according to the 
Greenwich tables. In other words, when the difference 
between A+D and B+ C in figure 3 [p. 125] exceeds 100, 
the day is included. Line A indicates that for 4 or 5 days 
before the beginning of a period of pronounced quadrant 
differences the change in barometric gradientsin thestormy 
northern section of the North Atlantic Ocean is slight. 
As soon as the quadrant differences become pronounced, 
however, the variability of the weather increases rapidly, 
as appears from the upward slope of A. The variability 
reaches a maximum on the third or fourth day of the 
solar activity. This maximum is about 24 per cent 
greater than the minimum variability before the solar 
activity begins, and 29 per cent greater than the minimum 
on the fifth day after the end of the solar activity. 

The two diagrams at the bottom of figure 10 show the 
the variability of the weather in the southern section of 
the North Atlantic and in the two sections combined. 
The line for the southern section is inconclusive. It rises, 
to be sure, at times of great quadrant differences, but it 
rises equally high in the periods before and after. The 
line for the two sections combined—that is, for the entire 
North Atlantic Ocean—scarcely needs comment. It 
shows an unmistakable maximum at times of great solar 
differences. For our present purposes the northern sec- 
tion is clearly the place of chief importance. 

Let us see whether other methods of computing the 
solar conditions give results as striking as those already 
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obtained. Instead of computing the solar activity by 
the method of differences between the outer parts of 
diametrically united pairs of quadrants (quadrant differ- 
ences), would it be equally effective to take the periods 
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B. tie same for 144 periods when umbr® on the east at a distance of over 30° from the 
central meridian differ from those on the west by 100 miijionths or more of the sun’s 


surfare. 
C, the same for 80 days which fall in both group A and group B, as described above. 


Fig. 10.—Changzes in barometric gradients over the North At!antic, from day to day, in 
re-ation to so.ar activity. 


when the difference between the marginal areas on the 
east and west sides of the sun (marginal differences) 
exceeds 100; that is, when the difference between A+C 
and 6+ in figure 3 exceeds 100? 
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in section B of Table 9, and in the dotted line B in figure 
10. The method of tabulation is identical with the one 
described above. The number of periods of solar dis- 
turbance is essentially the same, namely, 144 instead of 
138. The resultant curve is also similar, but there is an 
important difference. ‘The contrast between the highest 
and lowest points is less than for the solid line. here 
the vertical distances from the two minima to the central 
maximum amount to 24 and 29 per cent for the solid line 
A, they amount only to 23 and 18 per cent for B.2 In 
fact it seems safe to conclude that the dotted line rises in 
the center largely because it is based in part on periods 
which have a quadrant difference of over 100 and hence 
are used in computing line A as well as line B. There 
are 80 such periods common to both the solid and 
the dotted lines. When computed by themselves, they 
give the dash line C. This is essentially the same as the 
solid line except that the minima differ from the maximum 
by 26 and 32 per cent instead of 24 and 29. Therefore 
the difference between A and B must be due to the 64 

eriods which have a marginal difference of 100 or more, 
but do not have a marked quadrant difference. That this 
is the case og from line B, figure 11. In preparing 
this line use has been made of 34 periods which occur 
among the 64 mentioned above, but do not come within 
two days of periods having quadrant differences of 100 
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diately afterward. This suggests that a difference be- 
tween the spottedness on the two sides of the sun’s 
equator may possibly have some effect on the earth’s 
atmosphere, but that, like marginal differences, it is not 
nearly so important as quadrant differences. 

As still another means of testing our conclusions let us 
see what happens when there are abundant spots on both 
the east and west margins of the sun, so that the two 
sides balance one another. This is done in section E 
Table 9, and in the dot-and-dash line £, in figure 10. 
This line is based on 79 periods when the umbral area of 
the sun spots in the marginal 60° of the sun, taking east 
and west together, amounted to 100 or over, but when 
the quadrant differences did not exceed 50; such periods 
usually last only a day. About a quarter of them last 
two days, and a tenth three or four. Their curve is 
wholly different from lines A to C above it. It has two 
main maxima almost where the others have minima. 
The slight maximum in the center is apparently due to 
the fact that while we have excluded all days with a 

uadrant difference of above 50, we have not excluded 
those with a smaller quadrant difference. The days em- 
ployed for line E are bound to have these small quadrant 
differences. Hence, there is likely to be aslight increase 
of storminess. The essential poit of the whole matter 
is that a great abundance of spots on the margins of the 


TABLE 10.—Changes in barometric gradients in northern section of North Atlantic in reference to periods when a given group of sunspots produced a large 


quadrant difference on both margins of the sun, 1904-1918. 


(See figure 11, curve A.) 
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or more, and hence have small quadrant differences. The 
central dip of the line for these 34 periods suggests that 
when there is little or no quadrant difference, a marginal 
difference between the opposite sides of the sun’s disk 
does not have a marked effect upon the barometric gra- 
dients of the northern section of the North Atlantic Ocean. 

Let us see whether contrasts between the spottedness 
of the outer 60° of the sun’s northern and southern hemi- 
spheres is any more important than a contrast between 
the east and west margins. This matter is tested in sec- 
tion D of Table 9. ‘This is based on 53 periods which 
have a difference of 100 or more between the north and 


ern and a southern half. Then the ditference between the east and west sides in the 
northern half is computed, and likewise the difference in the southern, and the two 
are added. This gives 148 periods instead of 144. The difference between the minima 
and the maximum amounts to 22 per cent and 17 percent. Thus this method indicates 
logs relationship than the one employed in the text, 


sun does not seem to affect the weather unless the spots 
are so arranged that there is an excess in one particular 
quadrant. 

In order that our tests may be as varied as possible, 
let us next see what happens when the sun spots in the 
marginal 60° of a given quadrant have an umbral area 
which exceeds that of the corresponding quadrant on the 
same side of the equator, by 100 or more. The results 
appear in sections A to D of Table 11 (p. 176), and in the 
four broken lines, A to D, of figure 13. Line A represents 
barometric changes in the northern section of the North 
Atlantic Ocean in relation to 39 periods when the umbral 
areas in the marginal part of the sun’s northwestern 
quadrant exceeded the areas in the corresponding part of 
the northeast quadrant by 100 or more. The other lines 
represent similar conditions for each quadrant. It may 
be remarked in passing that as a rule the sun is not active 
in more than one quadrant at a time. For example, 
among the 148 periods used in preparing lines A to D 
only 30 are characterized by umbral areas of more than 
100 in the marginal 60° of two quadrants at the same 
time. During the 10 years under consideration there 
was not a single instance of umbral areas exceeding 100 
in the marginal 60° of three quadrants at the same time. 

The interpretation of lines A to D in figure 13 is obvi- 
ous. The two, A and B, which represent the sun’s 
northern hemisphere, rise strongly during the times of 
their respective solar disturbances and reach a maximum 


~ 7 

the south; that is between A+B and C+-D, figure 3, but fae 

have quadrant differences of less than 100. In other ae 

words, these periods had a strong difference between ee 
north and south, but not between the marginal 
of the diametrically paired quadrants, A+D and B+, fet 
: figure 3. The way in which ner. were related to baro- Pe 
metric changes is shown in line JD, figure 10. The zero ah 
for this line, as well as for line F, has been lowered to Ba 

prevent crowding. Line D is low during the critical ae 

period of solar disturbance, but rises fairly high imme- a 

#In figure 10 the line F, marked by circles, shows still another wavy of testing our a. ‘s 
results. The line ts computed in the same way as line B, but instead of taking the ae ie 
eastern and the western margins of the sun as units each margin is divided into a north- ae ‘. 
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on the third or fourth day, just as does the solid line A, in 
figure 10. Lines C and D, showing the relation of baro- 
metric changes to the sun’s southern hemisphere, are 
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Cand D are the same as in figure 10, A and C. 
F, based on 25 days in 1904-1913, of highest quadrant differences. 
F,, based on the 10 days of very highest differences. 


Fic. 11.—The degree of variability of the weather in the northern section of the North 
Atlantic at times of high quadrant differences. 


similar to A and B, but rise less rapidly and markedly 
and reach their maxima later. In other words, an 
abundance of spots on the sun’s margin has the same 
kind of effect no matter in which quadrant it is located. 
During the years 1904-1913, however, the effects pro- 
duced by the southern solar hemisphere were less pro- 
nounced and less immediate than those of the northern. 
This accords with the fact that the days on which the 
southern figures are based had more than 50 per cent less 
solar activity than those of the northern figures. 

In similar fashion in figure 13 the two dotted lines which 
pertain to the sun’s eastern margin rise higher than the 
dash lines pertaining to the western margin. This sug- 
gests that spots on the eastern side are more important 
than on the western. It is opposed to the indications 
already discussed in relation to Table 1 and figure 4. Since 
these apparent differences seem to balance one another, 
they are probably due to chance. Apparently all four of 
the sun’s quadrants are equally effective. 

In analyzing the relation of the sun to terrestrial 
weather many puzzling results are found. In some cases 
the results of a given set of solar conditions may easily 
be confused with those of other allied conditions. For 
example, section E of Table 11 and line £ in figure 13 
seem to indicate the strongest kind of relationship be- 
tween the earth and the sun. The maximum of the 
smoothed curve lies 145 per cent above the minimum 
that precedes it and 102 per cent above the succeeding 
minimum. This line is based on 14 periods showing a 
difference of 100 or more between the umbral areas on 
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the east and west sides of thesun in both the northern and 
southern solar hemispheres. When we use this same 
method on a larger scale, however, as is done in line F, 
figure 10, it does not give nearly so pronounced a result 
as the method of quadrant differences. The 14 periods 
used for line F, figure 13, are accompanied by quadrant 
differences averaging 122, so that these, rather than the 
contrast between the east and west sides, may be the 
cause of the apparent relationship. 

Further confirmation of this conclusion is found in the 
four lower lines of figure 11. All of the lines represent 
the degree of variability of the weather in the northern 
section of the North Atlantic at times of high quadrant 
differences. Lines C and D are the same as A and C in 
figure 10. Line C shows the conditions in relation to 
138 days having quadrant differences of over 100. Line 
D is based on 80 days on which the quadrant differences 
were a little more pronounced. Accordingly, C rises a 
little higher than A during the time of solar disturbance 
and falls a little lower 6 days afterwards. Line E£ is 
based on the 25 days during the period 1904-1913 show- 
ing the highest quadrant differences, while line F' is based 
on the 10 days when the quadrant differences were high- 
est of all.§ The most significant fact about these four 
lines is the way in which the interval between the maxi- 
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Fic. 12.—Effect of sunspot groups as thev pass from the eastern to the western margin 
of the sun (compare Tab.e 10), 

mum during the time of solar disturbance and the suc- 

ceeding minimum increases with the increase in the 


« The dates « f these peri ds are as f iicws: 

1906: June 28, July 7, Aug. 3, Dec. 15, Dec. 22-24. 

1907: Feb. 26-27, May 12. 

1908: Aug. 9-10, Mug. 25-28, Sept. 12-15. 

1909: Jan. 25-27, Feb. 25, Mar. 4-6, Ncv. 30, Dec. 2. 

Line Fin figure 13, based cn Fin Tabie 10, shcws the varlaticn in the actual strength 
of the gradients in the n rthern secti ncfthe Ncrth Atlantic f.r these same dates. We 
have said little abcut the gradients themselves, but in general their steepness is clcsely 
prop _rti_nal to their change fr_m day to day. 

5 The first days of these peri: ds are as f lows: 

(A) 10 peri ds with largest quadrant differences: 

1905: Jan. 29, July 19. 

1907: Feb. 11, June 14, Sept. 27, Oct. 15, Nov. 17. 

1908: Sept. 2. 

1909: May 7, Sept. 10. 

(B) 15 periods with next largest quadrant differences: 

1904: Oct. 29, Dec. 7. 

1905: Oct. 14, Dec. 22. 

1906: Joly 7, July 29. 

1907: June 22, July 12, Oct. 23, Nov. 9 
1908: Nov. 13, Dec. 27. 
1909: N 
1910 
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quadrant differences. In tabular form this may be 
expressed as follows: 


Per cent. 
29 


The rapidity with which these percentages increase is 
highly significant. So, too, is the low level to which the 
change in gradients falls at the minima representing the 
times when this particular type of solar effect is slight, 
either because of the absence of spots or because the 
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appears in Table 10 and is plotted in figure 12. 
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western margin. Ten of these groups were in the sun’s 
northern hemisphere and 10 in thesouthern. The change 
in barometric gradients in the northern section of the 
North Atlantic Ocean in respect to each of these _ 
e day 
marked 0 is the day on which the solar disturbances first 
became evident, and thereby caused large quadrant dif- 
ferences. When spots were abundant in the southern 
hemisphere, line A, the gradients rose to a maximum 
within one or two days after the quadrant differences 
became high. Six days later, when the spots were near 
the sun’s center, the change in barometric gradients fell 
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+ DAYS BEFORE SOLAR DAYS AFTER - - DAYS BEFORE SOLAR DAYS AFTER 4 
4 DISTURBANCE 4 DISTURBANCE J 
1 1 i L i i i Oo l i L t i i i i LK 
A, northwest greater than northeast. 
B, northeast greater than northwest. 
C, southeast greater than southwest. 
D, southwest greater than southeast. 
E, 14 periods showing a difference of approximately 100 or more, between the eastern and western margins both north and south of the solar equator. 
F,resembles E£, but is for gradients instead of changes in gradients. 
Fia. 13.~--Changes in barometric gradient from day to day in the northern section of the North Atlantic, in relation to periods when the areas of solar umbrz in the 60° of one 


solar quadrant exceed those of the opposite quadrant on the same side of the solar equator by 100 millionths or more of the sun’s surface (compare Table 11), 


spots are concentrated near the sun’s center. Apparently 
when the quadrant differences or the accompanying weather- 
producing agencies of the sun’s surface are particularly 
active, the North Atlantic Ocean alternates rapidly between 
periods of low gradients accompanied by remarkably little 
change of weather and periods of high gradients accom- 
panied by storms. 

The truth of this conclusion may be illustrated in 
another way, as is seen in figure 12. Here 20 sunspot 
groups have been selected, because they gave rise to large 
quadrant differences when they appeared on the sun’s 
eastern margin and again when they disappeared on the 


very low, and the weather was comparatively steady. 
After another eight days the weather again became dis- 
turbed, and this disturbance apparently was connected 
with the — difference caused Oy the presence of 
spots on the sun’s western margin. The interval from 
one maximum to the other in this case is 14 days. It 
suggests that the maximum effect is produced when the 
spots are almost on the sun’s limb. 

Line B, figure 12, suggests that spots in the northern 
hemisphere have less effect than those in the southern. 
During the periods on which it is based the average 
intensity of the quadrant differences in the northern 
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of sun’s margin on opposite sides of the northern and southern hemispheres (see fig. 12). 
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A.—NW. EXCEEDS NE. BY 100 OR MORE. 


Days before. Days of solar difference. I Days after. iat 
— 

Number of days. 35 | 36 | 3/36 «137 37 '39 |38 |37 | 36 | 36 | 36 | 35 
verage Change of gra- | | 

16.9 | 16.8 | 17.0 | 17.5 | 14.9] 16.4 16.6 | 16.5 || 16.0 | 13.6 | 20.3 | 18.8 | | 16.7 | 16.7 | 15.3 | 17.5 | 15.6 | 11.6 14.5] 13,7 
B.—NE. EXCEEDS NW. BY 100 OR MORE. 

Number of days... 2% |2 |e jaz | a |27 {iso |2 {20 Jas | 2 fa | |30 |26 | 2 
verage change of gra- | - 

18.3 | 19.5 12.1 | 13.4 | 18.9 | 17.6 | 16.1) 14.5 | 17.8 | 15.5 | 23.7 19.7 | 17.4 | 14.9 | 16.1 | 16.6 | 18.7 14.1! 16.2 
C.—SW. EXCEEDS SE. BY 100 OR MORE. 

Number of days... 135 | 35 '36 [38 {38 |3s | 39 44 | 31 Fe [43 | a | 40 37 | 36 |35 | 3% 
verage change of gra- i 
| 15.5 | 17.9 | 19.6 | 12.6 16.9 | 15.5 | 15.5 || 14.5 | 12.2 | 16.7 | 18.7 | | 15.2 | 16.1 19.8 | 12.4 | 14.1 | 12.1 | 22.3, 20.2 

D.—SE. EXCEEDS 8W. BY 100 OR MORF. 

Number of days........ j29 [29 {29 {an [32 | 5 I...... | |a2 j29 |29 | 2 
verage change of gra- | j | | | | —_ | | 
| 17.6 | 16.6 | 22.4 | 14.2 | 17.2 | 14.3 | 16.9 | 17.9} 15.2) 17.4) 180) 17.7 | 21.0 | 16.4 | 13.9 | 13.3) 14.4 14.7 13.2] 15.8 

E.—SE. EXCEEDS SW., AND NE. EXCEEDS NW., BY OVER 100; OR ELSE SW. AND NW. EXCEED SE. AND NE., RESPECTIVELY, BY OVER 100. 

Number of days....-.. | ju ju {iz |i2 fe | 1..... | [ad [as 10 [10 |10 | 10 
verage change of gra- | | | i | | | | | 
dients...... 21.7 | 28.6 | 11.3 115.21 6.2 17.8 | 13.4 | 15.9 16.0 | 22.4 | 30.0 | 25.0 |...... == 14.2 13.6 | 15.1 | 13.6 12.4, 27.8] 18.1 

F.—SAME AS “‘E,”? BUT GIVING ACTUAL GRADIENT INDICES INSTEAD OF CHANGES. 

Number of days. 10 | {aa jaz {a2 4s | 14 14 sissies | | 10 

veraze of actua | | | 
| 95.0 /101.0 | 91.0 99.8 | $8.8 | 91.5 | 95,0 | 96.5 115.6 [131.0 89.3 | 96.0 | 96.1 85.7 | $8.9 89.1) 90.0 97.1 


as 105, 4 4 


hemisphere was 80 per cent greater than for the similar 
periods of the southern hemisphere. Yet B is far less 
regular than A. Nevertheless it has a maximum 3 or 4 
days after the quadrant differences become large, a 
minimum when the spots are near the sun’s center, and 
a less pronounced maximum 11 days after the first one. 
The average of the two lines with its maxima on the 2d 
and 14th days after the quadrant disturbances become 
large, and its minimum half way between them affords 
strong confirmation of our conclusion that when sun 
spots are located on the sun’s margin, stormy weather 
prevails in the North Atlantic Ocean, whereas when they 
are near the center of the sun’s disk they are accom- 
panied by relatively little change of weather. 


Comparison between sunspots in the sun’s center and baro- 
metric gradients. 


Before leaving this part of our subject, let us turn 
from the sun’s margin to its center. It will be recalled 
that stormy periods seem to occur at times when there 
are few spots in the central portion of the sun’s disk. 
Let us now take the part of the sun within 30° of the 
central meridian and see how it is related to variability 
of the weather in the two sections of the North Atlantic. 
This is illustrated in lines B and C, figure 14, which are 
based on section Cin Table 9. The solid line A, is the 
same as A in figure 10. The only difference is that here 
the 6th, 7th, and 8th days of solar disturbance have 
been separated from the 5th, thus increasing the width 
of the central section of the diagram. The other lines 
represent the degree of variation of the gradients from 
day to day in the northern section of the North Atlantic 
Ocean, B, and in the southern section, C, in relation to 
110 periods when the umbral areas within 30° of the 
sun’s central meridian amounted to 100 or more. Both 
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A, average daily change in gradient over the northern section of the ocean in re!ation to 
138 periods when tie area of the solar umbrxz in the NW.+SE. quadrants of the sun 
visible disk at a distance of over 30° from the central meridian, differed from the area 
from the simi arly located umbre in the N8.+SW. quadrants by 100 miiiiontis or more 
of the sun’s visible area. 

B. the same in relation to 110 periods with umbral areas of 100 millionths or more, 
within 30° of the central meridian. 

C, the same as B, but for the southern section of the North Atlantic Ocean. 
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B and C take a marked drop at times when spots con- 
tinue to be abundant in the sun’s central area for 4 or 5 
days. In tho south, C, however, the drop is far more 
marked and begins earlier than in the north, B. The 
reversal between and A is striking. It sarves 
to raonforce the idsa that storminess accompanies a lac 
of balance among the sun spots in the marginal portions of 
the sun, while — weather free from storms occurs when 
a balanced condition is produced either by the absence of 
disturbed areas on the sun's surface or by the concentration 
of such areas in the sun's center. 


(To be continued.) 


CHANGES IN OCEANIC AND ATMOSPHERIC TEMPERATURES 
AND THEIR RELATION TO CHANGES IN THE SUN’S 
ACTIVITY.' 


By Professor Friptsor NANsEN, University of Kristiania, 
{Author’s abstract reprinted from Jour., Wash. Acad. Sci., Mar. 4, 1918, 8: 135-138.) 


The primary aim of the research was to find the rela- 
tions existing between oceanic and atmospheric tempera- 
tures. The surface temperature of the water in various 
parts of the North Atlantic at the coldest time of the 
year formed the foundation of the first study. When the 
region covered by the data is divided into approximately 
equal areas, the temperature curves of these areas are 
found to be parallel, it is evident from the form of the 
curves that these changes of temperature, taken as a 
whole, are not due to changes in the water-masses 
transported. A relation does appear, however, between 
these changes and the prevailing direction of the wind, 
as deduced from atmospheric pressure gradients. Where 
the wind turns south of (i. e., is directed south of) its 
average direction over a period of years, the tempera- 
ture of the water is lower than the average for the same 
period, and vice versa. A similar parallelism between 
wind direction and water temperature appears along the 
coast of Norway; the effect near the coast is based on 
the direction of the wind with respect to the land, as 
well as on the season of the year. The air temperature 
variations on land appear earlier than the variations in 
water temperature. 

Certain periodicities appear in all the curves of oceanic 
and atmospheric temperatures, but they vary in type. 
At the same time a relation also appears between these 
curves and curves of sun-spot activity and magnetic 
elements. The 11-year period is prominent. An oceanic 
type and a continental (Eurasian) type can be distin- 
guished. The latter follows the sunspot curve directly, 
whereas the former type follows the sunspots inversely. 
There is also a third and very remarkable type in which 
the curve changes more or less suddenly from direct to 
inverse. This sudden inversion is brought out in many 
curves, comparing stations in different parts of the earth, 
and the inversion occurs in very many cases at about the 
year 1896. 

When the temperature curves for different months of 
the year are compared with the sunspot curves, these 
three types of agreement again appear in very puzzling 
and unexpected combinations. 

In addition to oceanic and atmospheric temperatures, 
other meteorological elements (air pressure, wind velocity, 


1 Hlustrated review, before the Washington Academy of Sciences, Jan. 8, 1918, of the 


recent book. 
Hetiand- Hansen, Bigrn, & Nansen, Fridtjof. Temperatur-Schwankungen des 
Finleiteade Studien fiber die 


Nordatlantischen Ozeans und in der Atmosphire. 
Videnskapsselskapets Skrifter, I 


Ursachen der klimatologischen &chwankungen. 
Mat.-naturv. K1., 1916, No. 9. Kristiania, 1917. (vill, 341 p. charts, tables. 274 cm.) 


This work is now in the Westber Bureau library. 
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rainfall, cloudiness, mean daily temperature-amplitude) 
show a relation to the sunspots, sun prominences, and 
magnetic variations, and show not only the 11-year 
period, but also shorter periods of two, three, and five 
and one-half years. 

The fluctuations of the temperature at the earth’s 
surface do not follow directly the variations in the energy 
received from the sun as determined by the measure- 
ments of Abbot and Fowle. The daily and yearly 
temperature-amplitudes are believed to furnish sufficient 
refutation of hypotheses based on supposed variations in 
the absorbing and reflecting power of the atmosphere, as 
well as of Humphreys’ hypotheses as to formation of 
ozone or effects of volcanic dust. Blandford’s hypothesis 
of the effect of increased evaporation in lowering conti- 
nental temperatures at sunspot maxima is also not 
supported by the facts of tropical land and ocean sta- 
tions. 

The mistake of most authors when they have dis- 
cussed the causes of temperature changes, has been that 
they took for granted that the average temperature at 
the earth’s surface was directly dependent on solar 
radiation, and would give a direct indication of heat 
received. They have not considered sufficiently the fact 
that a very great proportion of the sun’s radiation is 
absorbed by the higher layers of our atmosphere and that 
the distribution of heat in the atmosphere is of the greatest 
importance for the temperatures at the earth’s surface. 
They seem very often to have forgotten that the varia- 
tions in the sun’s activity, and in the so-called “solar 
constant,’”’ and also in the sun’s electric radiation, may 
primarily influence the higher layers of the atmosphere, 
thus indirectly guiding the distribution of atmospheric 

ressure and the circulation not only of these higher 
ayers, but also of the lower parts of the atmosphere. 
In this manner the temperature of the higher latitudes 
may be influenced more than that of the Tropics where 
the conditions are so stable. 

The variation in pressure gradient seems much more 
closely related to the temperature of land stations than 
is the variation in air pressure itself. For instance, the 
Colombo-Hyderabad gradient runs parallel to the 
temperature in the Himalayas but opposite to the tem- 
perature at Batavia, while Bombay forms an example 
of those strange reversals occurring about 1896. The 
Iceland-Azores gradient has exactly opposite effects in 
Norway and in mid-Atlantic. An increase of air cir- 
culation may thus have opposite effects in different 
regions. The sunspots and magnetic elements sometimes 
oppose and sometimes agree with the variations in pres- 
sure gradients. 

Various periodicities appear in the sunspots as well as 
in the terrestrial phenomena. In the sunspots there is 
an 8-month period corresponding with the conjunction 
or opposition of the planets Venus and Jupiter with the 
sun. This same period occurs in the North Atlantic 

adient, and was found by Krogness in the magnetic 

eclination at Kristiania. There are also periods of six 
and twelve months in the magnetic elements, due to the 
position of the earth. The combination of these 6-, 8-, 
and 12-month periods gives a 2-year period for the 
magnetic and meteorological elements on the earth. But 
in the fluctuations of the {sunspots a similar period of 
two years is also discovered, and specially noticeable are 
indications of minima every second year. Before 1896 
there is an agreement between the 2-year minima of 
temperature at certain stations and the corresponding 
sunspot minima, but the agreement is remarkable in 
that the greatest depressions in the sunspot curve 
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coincide with the smallest depressions in the temperature 
curve; this relation ceased about 1896, hence the peculiar 
inversion already referred to. 

Other periodicities have been recognized. A 32-33- 
month period at Batavia may be a combination of the 
2-year period already referred to and a 3.7-year period 
suspected by Lockyer. Secular changes of relatively 
long period (35 years and over 100 years) also are prob- 
able. The researches of Clayton have recognized corre- 
lations in daily temperature and pressure fluctuations at 
various stations over the earth and the fluctuations in 
the daily heat radiation of the sun as measured by 
Abbot and Fowle, the same three types appearing in 
these meteorological variations as have been noted in 
the long-time variations. Krogness recognizes 14-day 
and 27-day periods in magnetic storms, as well as in air- 

ressure gradients, wind, and temperature, in northern 
Norway. 

To summarize the results of these investigations: In 
different groups of areas on the earth the meteorological 
elements (temperature, barometric pressure, rainfall, etc.) 
fluctuate or pulsate, so to speak, in time with one another, 
while in other groups of areas the fluctuations or pulsa- 
tions are exactly inverted, and finally, some areas show 
transition stages between the two. The result of all this 
is a very complicated picture of the meteorological 
fluctuations. But by means of appropriate analyses we 
see that from this complicated and apparently chaotic 
set of fluctuations there arises a clear picture of the very 
intimate relation between all these variations and the 
variations in the sun’s activity. We have seen that even 
changes of very short duration in the sun’s radiation (of 
heat as well a3 electricity) are distinctly repeated in our 
meteorological conditions and in the surface tempera- 
ture of the ocean. The effects of the solar variations are 
probably transferred by means of variations produced in 
the distribution of pressure in our atmosphere. Changes 
in solar radiation probably first affect the higher layers of 
our atmosphere, and thus create an unrest which in turn is 
transmitted to the lower strata near the earth’s surface. 

Such dynamic changes will produce different effects in 
different regions of the earth. But by thorough and 
complete analyses of the great meteorological material 
now at hand it may be possible to find the general rules. 
This will be an important step forward toward under- 
standing the laws ruling our atmosphere. 

For this purpose it will also be of the greatest impor- 
tance to have the wonderful researches of Abbot and 
Fowle continued with the greatest possible efficiency. 
These investigations of the sun’s radiation of heat, which 
they have been carrying on for a long series of years at 
Washington, Mount Wilson, Mount Whitney, and in 
Algeria, have given us the remarkable revelation that 
our sun is a variable star, the most important discovery 
that has been made in this field in many years. 


WHIRLWIND OF JANUARY 26, 1918, AT PASADENA, CAL. 
By Forp Asaman Carpenter, Meteorologist. 
(Dated: Weather Bureau, Los Angeles, Cal., Apr. 18, 1918.] 


On the afternoon of January 26, 1918, a whirlwind of 
considerable severity, showing many of the character- 
istics of a tornado, visited the city of Pasadena, Cal. 
Although the storm attained considerable violence and 
damaged property to the extent of about $10,000, no lives 
were lost and no one was injured. The material loss was 
widely distributed among one hundred or more persons. 


Aprin, 1918 


The storm was interesting from a meteorological view- 
point as it was the first of its kind reported from southern 
California. 

The topographic features of Pasadena.—The topographi- 
cal features of Pasadena should be taken into considera- 
tion in studying this storm.' The city is located 25 miles 
from the Pacific Ocean at the southern base of the Sierra 
Madre. These mountains rise abruptly to an average 
elevation of 5,000 feet above sealevel; an idea of the wall- 
like character of the northern background to the city may 
be gained from the fact that within four miles of Pasadena 
one of the crests of the range reaches an elevation of 5,000 
feet above the city. 

General and local weather conditions preceding the 
storm.—The morning weather map of January 26, 1918, 
showed a belt of high atmospheric pressure over the 
northern part of the country and a double-centered low 


area in Arizona, New Mexico, and Oklahoma. It was in 
the southwestern quadrant of this depression that the 
Pasadena storm occurred. 

The first indication of unusual weather was the appear- 
ance of a solitary cloud which formed with great vate. 
ness in that vicinity. The writer observed this huge 
convectional cloud from the Los Angeles station about 
1:30 p. m. January 26, 1918, and it rapidly assumed the 
a ortions and character of the cumulo-nimbus type. 

jithin an hour this structure underwent rapid changes, 
but in three hours the sky was clear again. This cloud 
was observed from Mount Wilson (4 miles distant hori- 
zontally and 1 mile vertically) the upper edges appearing 
as a misting fog, boiling up 3,000 feet or more above that 
mountain. The temperature differences between the base 
and the top of the mountain amounted to about 20° F., 
as the thermograph traces from Pasadena and Mount 
Wilson show (fig. 1). 

Course of the storm.—In many respects this whirlwind 
failed to follow the usual pov course characteristic of 


1 Fora topographic map of Los Angeles, Pasadena, and vicinity see this Review, 
June, 1914, 42: 387.—c. a. jr. 
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Fic, 1,—Thermograms from Pasadena, Cal., and Monnt Wilson for Jan. 26, 1918, v hen i 
hail and a whirlwind visited Pasadena in the afternoon. 
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Fic. 2.—Whirlwind of Jan. 25, 1918, at Pasadena, Cal., viewed from a point on Sg ees Street between Fair Oaks and Marengo Streets, looking northward.) Photo. by 
E. P. Groetzinger.) 
Note effect-of wind ontree tops which point inward from either side showing decided anticlockwise motion of the wind. The funnel-shaped cloud was about 3,509 feet from 
the camera. Cooperative station seen in the middle distance, 1 block from the camera. Just over the Nagpole on the left are seen two roofs (quadrilaterals) flying through the 
air.—K.P. Hamlin, Cooperative Observer. 
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tornados.? The path of this disturbance being one- 

uarter of a mile southeastward, one-half mile eastward, 
three-quarters of a mile northwestward, one-quarter west- 
ward and one quarter northwestward. The storm 
traveled in all about 2 miles of city blocks [along a path 
recurving anticlockwise as described] the average direc- 
tion was northwesterly. Figure 2 [not reproduced] shows 
the path of the storm and also the locations of the coopera- 
tive Weather Bureau station of Pasadena. After the 
whirlwind left the city limits it continued in a north- 
westerly direction and ascended the mountain ridge be- 
tween Mount Lowe and Mount Markham. The writer 
noticed the effects of this storm when traversing the trail 
in that vicinity some weeks afterwards. One of the 
cooperative observers in these mountains reports that he 
heard the approach of the storm and the crashing of the 

ine trees as it plowed its way through the timber. 

hortly after reaching the higher elevations the storm died 
out; the writer did not observe any damaging effects 
beyond the mountain ridge in which Mount Lowe and 
Mount Markham are located. 

Description of the storm by eye-witnesses.—F air weather 
prevails in southern California during more than three- 
quarters of the year, therefore any occurrence out of the 
ordinary is given unusually intelligent attention by the 
people generally. The case of the Pasadena storm was 
no exception to the rule. From a quantity of data col- 
lected the following two accounts are submitted. Prof. 
Ferdinand Ellerman of the staff of the Mount Wilson 
Solar Observatory writes Dr. W. J. Humphreys of the 
central office of the Weather Bureau as follows: 

On January 26 [1918], we had a freak storm in Pasadena, where hail 
fell several inches deep in a very limited area, just as if it had been 
dumped, and asmall-sized cyclone [!] did considerable damage. About 
200 yards from my residence a pine tree over 2 feet through was up- 
rooted, and many buildings unroofed, and barns and garages picked up 
and demolished. As near as I can learn the direction of rotation was 
clockwise, which, though contrary to cyclones in general, is not sur- 
prising to me, as considering the form of development it night take 
either direction. The sky on Mount Wilson was practically clear, and 
fog condensing from the slight rain the night before, increased in 
ye. Hae and banking up quite 3,000 feet above Mount Wilson’s level, 
ina cumulus form. There was very little wind in Pasadena and a fair 
north wind on Mount Wilson. This occurred about 2 to 2:30. From 


the mountain we could not see the cyclone |i. e. tornadic storm] as the 
fog cut off the view. 


From the notes of the cooperative observer at Pasa- 
dena, Mr. R. P. Hamlin, deputy city engineer, it has been 
possible to trace the path of the storm across the city. 

Mr. Edwin R. Sorver, former cooperative observer at 
Pasadena writes: 


The day was somewhat cloudy. About 2 p. m. it became very dark 
and a small tornado developed in the neighborhood of Fair Oaks 
Avenue and Union Street, traveling in a southeast direction for 2 
blocks to Colorado Street and the Santa Fe tracks, tearing off roofing 

aper and blowing in a show window. It then followed Colorado 

treet east for 4 Blocks, now and then becoming quite strong. A 
small amount of rain fell and hail fell. At Colorado Street and Euclid 
Avenue it blew ia another show window and then turned directly at 
right angles going north and then northwest, which direction it kept 
until it dispersed. It now [after turning northwestward] began to 
grow very much in strength, uprooting large trees, taking the entire 
roof off an old school and striking the side of the Christian Church at 
Marengo and Walnut Streets. This church was built of large squares 
of concrete blocks. It demolished the entire side, throwing down 
several solid blocks together which probably weighed several tons. 
Its path, which was about 200 feet wide, could now be easily traced as 
it uprooted every tree, among them some very large peppers, and took 
off a number of roofs. Considerable damage was also caused by trees 
and débris, which were carried high up and then dropped (in one 
instance) through a house which was to one side ofits path. The worst 
damage was done around the corner of Orange Grove Avenue and 


2e.g., Henry, A. J, Cyclones, tornadoes, thunderstorms, squalls, MONTHLY 
WEATHER REVIEW, January, 1918, 46: 23-25, 
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Lincoln Streets, soon after which it dispersed. Here an entire orange 
grove of old trees was uprooted. This was on the place where the first 
house in Pasadena was built, which was still standing and was unhurt. 
It partly demolished a bungalow school, took the top off a church, 
completely wrecked a large garage, took the side out of a two-story 
house, and did considerable damage to other houses. The most 
remarkable part was that no one was hurt. The very black clouds 
did not follow the tornado, but moved off in the opposite direction. 
Snow and hail fell some 2 to 3 miles distant. There were, however, 
some white, low clouds which seemed to follow right over the tornado 
and which it connected with the ground many times. After it left 
Euclid Avenue and Colorado Street going northwest it appeared asa large 
and high whirling column of dust. Gradually, however, as it grew in 
strength it became a black funnel-shaped column resembling a water- 
spout. Once or twice it seemed to almost disappear, but then in not 
over five seconds would resume its old form. It did not seem to travel 
so very fast. At times there would be sucked through the center of 
it a fairly large column of what looked to be steam; this no doubt being 
intense condensation. The white clouds would then dip down into 
the column. It seemed to disperse very quickly as it moved into a 
section that was more open. 


The above notes were made from Mr. Sorver’s location 
- on Mather Building [No. 3, on fig. No. 2, not repro- 

uced]. 

Deputy City Engineer R. P. Hamlin furnishes the 
yon fare 2, which shows the whirlwind just 

efore it reached its maximum intensity. This illustra- 
tion shows the counterclockwise wind movement as 
pictured by the inclination of the tree tops. Incidentally 
the location of the wind apparatus of the cooperative 
Weather Bureau station is given. Although the storm 
skirted this apparatus it is noted that the anemometer 
wind record sheet [not reproduced] shows no unusual 
velocities. The maximum wind, 18 miles per hour (the 
usual diurnal extreme), was reached at 2 p. m. 

Several interesting incidents of the storm are related. 
A member of the Forest Service reports his aneroid 
barometer broken from the effects of the passage of the 
storm, the diaphragm being permanently collapsed. 
Another witness reports all four of the tires of his auto- 
mobile, standing in the street, as having been deflated. 
It is also reported that just before the cottage [fig. 4 not 
wed the occupant started to close 
the kitchen door which had been blown open by the wind; 
before the door was reached the house was unroofed an 
the sides blown outward. All of these occurrences 
point strongly to tornadic action. 


EVAPORATION FROM A CIRCULAR WATER SURFACE.’ 
By N. Tuomas and A. Fereuson. 
[Reprinted from Science Abstracts, Sect. A, Jan. 31, 1918, § 71.] 


The rate of evaporation from a circular water surface 
into a quiescent atmosphere was shown by Stefan to 
depend theoretically upon the radius of the surface, not 
upon its area. Experiments were made by the authors, 
both indoors and in the open air to test the dependence 
of evaporation upon the dimensions of the surface of 
evaporation, and upon the depths of the surface below 
the rims of the crystallizing dishes containing the water 
which varied in radius from 2 to 10 centimeters. If E 
is the rate of evaporation and a the radius of a dish 
then assuming that H= Ka" where K depends on external 
conditions, it is found that in practice n is never so 
small as unity, the value required by Stefan’s result, 
but varies from 1.5 when the dish is brimfal, to about 
2.0 when the depth of the surface is 3 centimeters or more 
below the brim of the dish. With the latter value, 
evaporation is proportional to the area of the evaporat- 


1 Phil. Mag., London, etc., October, 1917, 34: 308-321. 
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ing surface, and the method of expressing amount of 
evaporation by depth of water evaporated is justified. 
With the former value of n the depth of water evaporated 
varies inversely as the square root of the radius of the 
dish.—R. Cforless]. 


REDETERMINATION OF HEAT OF VAPORIZATION OF 
WATER.’ 


By J. H. Matuews. 


[Reprinted from Science Abstracts, Sect. A, Jan. 31, 1918, § 77.) 


The author has redetermined the heat of vaporization 
of water, using the method devised by Richards and the 
author [Abstract 902 (1911)]. The apparatus employed 
has been improved more especially by the substitution 
of a vaporizer made of transparent quartz for those 
made of glass; and a better type of adiabatic calorimeter 
has been introduced. The water equivalent of the 
calorimetric system having been accurately determined, 
the author found that the heat required to vaporize 
1 true gram of water into a vacuum at 100° is 539.0 
calories,;-. Using another value of the water equivalent 
of the apparatus determined by an electrical method, 
the value for the heat of vaporization was found to be 
540.0 calories,,°, a number that is in good agreement with 
that obtained by Smith, viz, 540.7 calories.—A. F[indlay). 


SUGGESTIONS AS TO THE CONDITIONS PRECEDENT TO 
THE OCCURRENCE OF SUMMER THUNDERSTORMS, WITH 
SPECIAL REFERENCE TO THAT OF JUNE 14, 1914. 


By J. FarrGRieve. 


(Abstract of a paper presented to the — Society, London, Apr. 17, 
1918. 


[Reprinted from Nature, London, May 2, 1918, 101: 179.] 


The paper deals particularly with the thunderstorm of 
June 14, 1914. The meteorological phenomena accom- 
panying the rainfall are put on record. The cloud dis- 
tribution, the barometric pressure, the wind movements, 
and the temperature are specially dealt with. From an 
examination of the data it is evident that the clouds 
and the rainfields lie in parallel belts, and that the 
former appear some hours before the rain begins to fall. 
It is suggested that this belting of wind and rain may be 
due to rippling on a large scale, the rippling being brought 
about by the interaction of two currents of different 
temperatures. If the conditions are unstable, and 
especially if relief also induces disturbance, thunder- 
storms will develop along lines of rippling, and will 
drift with the wind. Thunderstorms hare apparently 
three movements, a development along a belt, a side- 
ways movement in the direction of the prevailing wind, 
i. e., to leeward, and a spread to windward. e first 
may be due to rippling; the second is a drift; the third 
may be explained if it is granted that a local ridge of 
high pressure develops along the axis of the thunder- 
storm. The thunderstorm then breaks up into two 
belts, of which the leeward soon dies out owing to the 
lack of a supply of rising air. 


. Topographic conditions from Allegheny Front east- 
ward specially favor studies testing this theory.—c. A. jr. 


2 Jour. phys. chem., October, 1917, 21: 536-569. 
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EARTHQUAKE WEATHER. 


The term ‘earthquake weather’’ is often encountered in California 
but meteorological textbooks do not mention it. Those who use the 
term are unanimous in referring to a condition of hot and calm weather 
without much cloud, but usually more or less haze. The condition is 
not greatly unlike that which usually precedes a summer afternoon 
thunderstorm in the Middle West. As the term ‘‘earthquake weather’’ 
has not yet become commonplace in scientific literature it would be 
interesting to learn what seismolozgists think about the matter. 


The above ag 2 appears in a recent issue of the 
Bulletin of the Seismological Society of America! in 
comment on the statement by Wendell P. Hoge, of the 
Mount Wilson Solar Observatory, that the quake of July 
15, 1917, 11:05 a. m. at that observatory came with— 

Weather partly cloudy, wind south, 3 mis./hr., relative humidity 
about 30 per cent, temperature 87°. General character of the weather 
for several days such as is often spoken of as ‘‘earthquake weather.”’ 

Readers of the Monrnty Weraruer Review may be 
interested in the following summary of what has been 
published on the subject so far in these pages. 

South Australia.—Geo. H. Styles, of Port Caroline 
South Australia, reported that during the month pre- 
ceding the earthquake of May 10, 1897, there, the weather 
had been thick and squally with the wind all round the 
compass. On the day of the disturbance the wind force, 
which had been 6 to 8 for several days, fell to 2; the 
direction from the northeast and the weather fine with 
Ci.St. clouds. 

At the same place in 1900 to March, 1901, quakes were 
accompanied by a sky usually covered with heavy Cu., 


‘‘one or two of them bright, as though lighted by the 
moon, even during the darkest moonless nights.” The 


cumuli never coalesced but if one overtook another they 
were mutually repelled, drifting away in feathery flakes 
and dissolving into clear sky before reaching the horizon. 
The sky was no longer the blue of the old days but of a 
milky, watery color.’ 

Jamaica, B.W.J,.—Maxwell Hall reports that. there 
are not enough earthquakes in Jamaica to permit a com- 
plete investigation of a possible relationship between 
them and weather phenomena. He states that the cause 
of the oppressive weather noticed before an earthquake 
is the stopping or diminution of the wind. The barom- 
eter is also affected and St. tends to form.’ 

Japan.—Omori found that maximum earthquake 
activity generally coincides with times of high atmos- 
pheric pressures; but that just the reverse is true at 
some stations where it usually is accompanied by low 
barometric readings. The apparent contradiction has 
been explained away by Dr. Kk. Honda.‘ 

California.—The California earthquake of April 18, 
1906, called forth an interesting paper from San Fran- 
cisco students,® in which the atmospheric conditions are 
described and commented on. That morning—the 
weather map for the day indicates the conditions through- 
out the United States just a few minutes previous to the 
’quake—was clear and pleasant over the greater portion 
of the Pacific coast. & HIGH was moving steadily and 
somewhat slowly eastward across Idaho, and the pressure 
distribution was of a type that prevails when certain 


earthquakes occur in California. While experience in 


1 See Andrew A. Palmer: California earthquakes during 1917, Bull., Seism. soc, Amer- 
ica, Stanford University, California, March, 1918, 8: 10. 

2 Styles, Geo. H. ‘‘Earthquakes, clouds, and gales at Port Carolina, So, Austr.” 
MONTHLY WEATHER REVIEW, January, 1902, 30: 10. 

3 Hall, Marwell. The Jamaica weather service. 
July, 1898, 26: 304. 

4See Tamura’s abstract of Honda’s paper, “ Daily periodic changes in the level of 
artesian wells in Japan. MONTHLY WEATHER REVIEW, July, 1905, 33: 303-304. 

6 Richter & McAdie. Phenomena connected with the San Francisco earthquake. 
MONTHLY WEATHER REVIEW, November, 1907, 35: 505. 
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California has shown that earthquakes apparently have 
no relation to pressure distribution, yet some occur dur- 
ing the passage of a marked uieH across the northern 
portion of the coast. Somewhat similar pressure condi- 
tions had occurred at the beginning of April and at other 
times. 

Weather Bureau records maintained through to 5 p. m 
of the 18th show that the westerly wind of about 14 miles 

er hour with clear sky and pleasant weather, character- 
istic of April 17, 1906, had become a west wind of 3 
mis/hr., with clear sky at a few minutes preceding the 

uake at 5:13 a. m. on the 18th, and at 5 p. m. of that day 
the wind velocity had risen to 22 mis/hr. The weather 
was that of ‘‘a pleasant spring day’? with nothing re- 
markable. The pressure (sealevel) at 5 p. m. was 30.15 


MONTHLY WEATHER REVIEW. 


181 


inches, temperature 61.8°F., and wet-bulb thermom- 
eter 54.0° 


COMMENT. 


Prof. W. J. Humphreys, in a recent conversation on 
this subject, made the very interesting suggestion that 
the ‘‘earthquake weather’ concept is of psychological 
origin; that the general state of irritation and sensitive- 
ness developed in us during the hot, calm, perhaps 
sultry weather given this name, inclines us to sharper 
observation of earthquake disturbances and accentuates 
the impression they make on our senses, so that we retain 
more vivid memories of such quakes while possibly over- 
looking entirely the occurrences on other more soothing 
days.—c. A., jr. 
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SECTION III.—FORECASTS., 


FORECASTS AND WARNINGS, APRIL, 1918. 
By Aurrep J. Henry, Supervising Forecaster. 
[Dated: Weather Bureau, Washington, May 18, 1918.] 


PRESSURE OVER THE PACIFIC AND ALASKA. 


April is the month of > ae normal pressure of the 
year at both Honolulu, T.H., and Midway Island. At 
the former place pressure during April, 1918, was continu- 
ously below the normal, while at the latter pressure was 
below the normal only on April 1-2, 14-16, and 19-22. 
At other times, especially for the 10-day period 4th-14th, 
pressure was markedly above the normal. There was 
very little synchronism between the pressure fluctuations 
at the two stations. 

Had pressure at Midway been uniformly low as at 
Honolulu, it would have been justifiable to assume that 
the normal April nigH over the north central Pacific 
Ocean for the present season would be weaker than usual; 
but the lack of synchronism between the two points 
made it hazardous to interpret the uniformly low pres- 
sures recorded at Honolulu. 

In the Aleutian Islands pressure was mostly above the 
normal except for the period April 8-14, when there was 
a well-marked barometric depression that later overspread 
coastal and interior Alaska and the northern portions of 
the United States. After the middle of the month pres- 
sure was generally high both on the coast and over the 
interior of Alaska. 


THE WEATHER IN THE UNITED STATES. 


There were few abnormal features in the weather of 
the United States proper during April, 1918. Tempera- 
ture was low for the season in the middle Rocky Moun- 
tains and Plateau region and thence eastward into the 
lower Ohio Valley. Rainfall was abundant in the South 
and there was considerable snow at the higher altitudes of 
the Rocky Mountain States; but the snow melted quickly. 

An attempt to correlate the above conditions with 
the pressure distribution over the Pacific and Alaska is 
deferred until more observational data in the Pacific have 
been obtained. 

In April the movement of HIGHs and Lows begins to 
depart from the norma! paths of the cold-weather types. 
The departure, in many cases, is small and not easily 
recognized; west of the Continental Divide, however, 
the change in the frequency and direction of movement 
of Lows is rather well marked. The southeastward move- 
ment from the States of Washington and Oregon, char- 
acteristic of the cold season, practically ceases and there 
is evidence of a well-marked tendency toward the devel- 
opment of secondary depressions over the southern por- 
tions of Utah and Nevada as the primary depressions 
move eastward along the northern circuit, or fillup. The 
movement of these secondaries is generally erratic and 
difficult to anticipate; nevertheless, they exercise a 
marked control of the weather in Rocky Mountain States. 

In April, 1918, no primary depression moved south- 
eastward from the northern Pacific Coast States, but 5 
secondaries occupied the region west of the Continental 
Divide and south of the 40th parallel at one time or 
another. East of the Rocky Mountains the Lows were 


about equally distributed between the northern and the 
southern circuits, and but few Lows passed from one 
There was also, throughout the 


circuit to the other. 


month, a distinct tendency to form secondary depressions 
when for any reason the progress of the primary depres- 
sion was obstructed. 

Extremes in the weather, due to the shifting control by 
cyclones and anticyclones, were specially frequent in the 
middle and southern Rocky Mountain States, due to the 
development of secondary depressions in that region in 
connection with the eastward and southward advance of 
anticyclones. 

HIGHS. 


The niaus (anticyclones), of which the paths of 9 have 
been plotted on Chart II, show no unusual features. 
Five of the 9 must be considered merely as offshoots from 
the principal nieus. On the chart the offshoots are dis- 
tinguished from the principal H1GHs by a subscript letter 
after the number. 

In general n1GHs diminished in intensity with move- 
ment to lower latitudes, but there were two cases where an 
increase in intensity, i. e., an increase in the central pres- 
sure, occurred asthe HIGH moved eastward. An increase 
in the central pressure of No. J occurred as soon as it 
reached the Atlantic; No. /7 showed the greatest increase 
over Lake Superior; No. /V showed the greatest increase 
over the lower Lakes where its eastward progress was 
greatly reduced. Hicu No. Va, beginning as a remnant 
of No. V with an initial pressure of but 30.10 inches in 
western Montana, slowly increased in intensity as it 
moved east-southeastward, attaining a maximum pres- 
sure of 30.52 inches in Kentucky on May 38. The appar- 
ent cause of the increase in this case was a porta: oi 
increase in the intensity of the Low which immediately 
preceded it. 

While the advent of a niGH is generally equivalent to a 
brief spell of fair weather, the combination HIGH on the 
north or northeast-Low on the south or southwest in 
April is generally tantamount to a spell of unseasonable 
weather with snow in northern districts, thundershowers 
and warm weather in southern districts. Cases illustrat- 
ing this condition occurred on several dates during April, 
1918, in the Rocky Mountains Region; also in the ves 
England and Middle Atlantic States on the 11th, 12th, 
and 13th. The storm along the Atlantic coast from the 
Virginia Capes to Boston on those dates was practically 
continuous for about three days. Fresh northeasterl 

ales with high tides swept the coast and caused muc 

amage to and destruction of beach property. There 
was also some loss to shipping at anchor in New York 
Harbor. The snowfall in interior districts extended as 
far westward as northeastern Indiana, and in Vermont 
the fall amounted to at least 7 inches in localities. For- 
tunately, there was no loss of life, although the property 
loss will aggregate close to $1,000,000. 

The sustained high northeast winds during the storm 
period were due to the eastward advance of nicu No. // 
which seemingly prevented Low Ja (see Chart III) and 
its offshoot, JB, from advancing directly northeastward 
on the normal path. Inasmuch as the HIGH was of more 
than ordinary intensity the wearing-down process was a 
slow one. As an indication of the drift of the lower air 
out of the region occupied by the Hiau, it may be said 
that the surface wind at Washington, D. C., shifted to the 
northeast at 11 p. m. on April 9 and continued uninter- 
ruptedly from that direction for 40 hours; the speed of 
the wind when the shift occurred was 24 miles per hour, 
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and it continued at that rate for 24 hours, dropping to 15 
miles per hour at the end of the period. 

During this time there was a dense cloud layer moving 
in the direction of the surface wind. Precipitation in the 
form of rain began on the 8th and was practically con- 
tinuous after 6 p. m. of that date, turning to snow during 
the 11th. The total amount for the four days was 3.53 
inches. The suggestive thought, however, is what a 
tremendous amount of water vapor was carried inland 
over the Middle Atlantic States as evidenced by the 
amount collected at a single point; and, second, consid- 
ering the volume of air carried bodily southwestward 
from the southeastern face of the HIGH as well as the loss 
due to condensation of water vapor, is it not remarkable 
that pressure in the n1GH should not sink to a lower level 
than it did? In that part of the n1gm where air was con- 
tinually moving away from the center the reduced pres- 
sure was highest, 30.46 inches at 8 a. m. of the 10th, and 
it sank gradually to 29.90 inches by 8 a. m. on the 13th. 
Thereafter it rose as the wind shifted to the northwest. 


LOWS. 


The paths of 16 Lows of greater or less intensity have 
been platted in Chart III. It is not easy to distinguish 
between the so-called primary and secondary Lows in 
April. It is customary to think of practically all primary 
Lows as reaching North America from the Pacific on the 
west, or from tropical waters on the south and southeast. 
For the month of April, as has already been indicated, 
there is a decided break in the continuity of movement. 
This change is undoubtedly a seasonal one and is probably 
a direct result of surface warming in the arid and semi- 
arid region of the far Southwest whereby local centers of 
buoyancy are initiated in the levels a kilometer or so above 
the surface. Because of the prevailing aridity in this 
region, these incipient Lows cause little sig itation, 
except on the west side and in the rear with the advance of 
anticyclonic conditions. Because of the fact that these 
LOWS may remain practically stationary for several days 
at a time, it is difficult to anticipate their influence upon 
weather conditions east of the Hock Mountains. 

In this April 5 Lows occupied the far Southwest at 
one time or another, and 3 other Lows had their origin 
in the Rio Grande Valley. Several of these have been 
classed as principal Lows, but the great majority were 
secondary depressions. The details of their movement 
can be seen from Chart III. The severe weather in New 
England and the Middle Atlantic States, above described, 
was due to the inability of Low Ja to advance north- 
eastward on April 10. 


WARNINGS ISSUED. 


An extensive and unusually prolonged display of 
storm warnings on the Atlantic coast began on April 9 
with the issue of northeast warnings from Norfolk to 
Boston. The storm center after reaching southeastern 
Virginia on the morning of the 10th, seemed to be on 
the point of filling up, but 12 hours later what appeared 
to be a new storm center appeared on the South Carolina 
coast. This center advanced northeastward, keeping a 
short distance off the coast, causing moderate to fresh 
northeast gales from Cape Cod to the Virginia Capes. 
On the night of the 11th the warnings were extended 
from Boston to Eastport, Me. The greatest severity of 
the storm winds was experienced, however, along the 
Middle Atlantic coast as aeade stated. 

Warnings were again displayed on the Atlantic coast 
on the 17th and 2ist. In both cases they failed of 
verification. 
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Another display was made on the 26th from Charleston 
to Boston. This storm was quite severe along the Vir- 
ginia and North Carolina coasts, thence it pursued a 
northeast course some distance offshore and gave no 
storm winds north of Cape Henry. On the 28th, how- 
ever, heavy sea swell and increasing northeast winds 
were reported from Nantucket, but by that time the 
center was far off to sea and no further indication of its 
presence was received. 

Storm warnings on Great Lakes.—The season for the 
display of storm warnings began on April 20 when a 
display was made on account of a disturbance over 
western Tennessee. The disturbance advanced over the 
Great Lakes, but the barometric gradient slowly decreased 
and the warnings were only partially verified. Warnin 
were again displayed on the Great Lakes on the 28t 
and 29th. These warnings were also only partially 
justified although a sharp fall of temperature with snow 
on Lake Superior on the 30th made navigation difficult. 

Frost warnings.—Frost warnings were issued for some 
part of the Washington forecast district on April 5, 8, 
9, 12, and 19. 


WARNINGS FROM OTHER DISTRICTS. 


Chicago, Ill., forecast district—The warnings issued 
during April, 1918, were confined to frost warnings at 
intervals, and to cattle or sheep warnings on the 2d and 
25th. The interests in Illinois and Missouri demanded 
frost warnings from the first of the month, and warnin 
were sent to these States on the 7th, 8th, 9th, 10th, 
and 12th, and they were in every case fully verified. 

The area covered by frost warnings was gradually 
extended northward and westward, embracing by the 
30th all the States in the district, except the Dakotas, 
Montana, and Wyoming. Warnings of freezing tem- 

rature were issued for a considerable area on the 18th 
and 19th, and as the minima promised to fall to exceed- 
ingly low points, advices were sent even to the Dakotas. 
By the morning of the 20th the temperature was down 
to freezing, or below, from Lake Michigan westward over 
the upper Mississippi Valley to and including the northern 
Rocky Mountains region, and reaching as far south as 
Kansas and northwestern Missouri on the west. The 
entire area was fully warned in advance. 

Additional warnings were issued on the 22d for frost 
in Wisconsin and Nebraska and freezing temperature in 
Minnesota. Warnings of frost again went out on the 
27th for Nebraska and Kansas, and on the 28th for those 
States, together with Iowa, Missouri, and Wisconsin, 
and warnings of freezing temperature for Minnesota. 
On the 30th frost warnings were again issued for Llinois, 
Missouri, Wisconsin, and the eastern portions of Min- 
nesota and Iowa. As aresult of the critical temperatures 
vegetable growth was much retarded in the area affected. 
It is not known what actual benefits were derived from 
the warnings. 

The live-stock warnings issued on the 2d for Missouri, 
Nebraska, Kansas and southeast Wyoming and on the 
25th for South Dakota, Wyoming, and Retsaae were 
specially for the sheep interests—it being the lambing 
and shearing seasons—as the temperatures were not 
low enough to affect larger live stock. It is believed that 
these warnings were of much value, as strong northerl 
winds with ontn temperature and some snow fol- 
lowed.—H. J. Cox, District Forecaster. 

New Orleans, La., forecast district—Frost warnings 
were issued during April, 1918, as follows: For Okla- 
homa and northern Arkansas, April 7; Arkansas, April 
9; the greater portion of the district, April 10; eastern 
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ernes of Louisiana and Arkansas, April 11; Texas 
anhandle and northwestern Oklahoma, April 16; 
Oklahoma and the northern portion of west Texas, 
April 17; Oklahoma, northern portion of western Texas 
and the extreme northwestern portion of eastern Texas, 
April 19; over the northern portion of the district, 
April 20; Oklahoma, Arkansas, and the interior of 
Louisiana, April 21; Oklahoma and northwestern Ar- 
kansas, April 28; Oklahoma and northwestern Arkansas, 
April 30. The warnings were generally justified. 

Small-craft warnings were issued for the western 
Gulf Coast on April 6. Storm winds occurred locally 
on a few dates on the Texas coast, but there was no 
general storm without warnings.—J. M. Cline, District 
Forecaster. 


REPORT ON SPECIAL WARNINGS ISSUED IN THE DENVER 
DISTRICT. 


Denver, Colo., forecast district.—Unsettled weather pre- 
dominated in the Denver district during April, 1918; 
there were few days without a low-pressure area some- 
where in the district. Of the sixty 12-hour periods in 
the month, temperatures were below the seasonal average 
25 periods in Cobwade and 16 periods in half of Colorado. 
In Utah , 17 periods were colder than the seasonal average 
and 10 in half of that State. In New Mexico the dura- 
tion of the warm and cold periods was about equally 
divided, while in Arizona there was a slight prepon- 
derance in the duration of the warm periods. 

On the morning of the 2d low pressure prevailed in 
southern districts, the axis of the depression extending 
from Nevada eastward to Missouri, while high pressure 
prevailed from the Pacific northwest to the Lakes 
region. Live-stock warnings were issued for eastern 
Colorado and northern Utah. During the next 24 hours 
the front of the anticyclone moved southward east of 
the Continental Divide, attended by freezing weather, 
with snow in northeastern Colorado and snow flurries and 
sleeting weather in parts of southeastern Colorado. 
While temperatures in Utah and eastern Colorado re- 
mained low for several days, no damage of consequence 
to fruit interests resulted, owing to the backward con- 
dition of orchards. The benefits derived from the 
snowfall more than offset any damage that occurred. 
On the evening of the 13th a deep low-pressure area was 
central in southern Nevada, with isobars of the depres- 
sion extending northward to Alberta, while relativel 
high pressure prevailed along the Pacific. Live-stock 
warnings were issued for northern and western Utab. 
Rain fell in northern Utah the following night, attended 
by a decided fall in temperature. 

Forecasts of freezing temperatures were included in 
the daily forecasts on 16 dates for parts of Colorado, 
Utah, and New Mexico, and practically all were fully 
verified. General distributions of these warnings were 
unnecessary, owing to the backward condition of fruits 
and gardens.—Frederick H. Brandenburg, District 
Forecaster. 

San Francisco (Cal.), forecast district—During April, 
1918, rainfall in this district was deficient and the tem- 
peratures averaged above normal. There were several 
severe frosts in northern California during the first few 
days, and frosts occurred frequently in the northern 
Pacific States throughout the month. Practically no 
rain fell during the last 15 days, and the need of it for 
crops was beginning to be felt in the north and becoming 
urgent in the south at the close of the month. 
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Small-craft warnings were ordered on the morning of 
the 8th at northern Pacific seaports, and on the 14th 
along the southern coast of California. 

Storm warnings were ordered on the 8th at 11:10 a. m, 
along the northern California coast, and extended that 
evening to include all northern Pacific stations. This 
warning was fully verified in California and _ partiall 
verified in the northern Pacific States. On the 13th a 
steep barometric gradient developed between the mouth 
of the Columbia River and Sitka, Alaska; and conse- 
quently southwest storm warnings were ordered at 6:30 
p. m. at the entrances to the Strait of Juan de Fuca and 
the Gulf of Georgia, and also at the mouth of the Colum- 
bia River. No high winds occurred during the following 
night and the warnings were taken down early the next 
morning. 

Frost warnings were issued for one or more places in the 
northern Pacific States on 16 days, and on 8 days in 
northern California. Nearly all of these warnings were 
verified, and no damaging frosts formed without ample 
warnings having been sent to the places where the frosts 
occurred. . 

Live-stock warnings were sent to places in eastern 
Oregon, southern Idaho, and Nevada on the 2d; to eastern 
Oregon, eastern Washington, Idaho, Nevada, and the 
northern half of California on the 12th; and to south- 
eastern Washington, eastern Oregon, Idaho, and Nevada 
on the 24th. All of the live-stock warnings were verified, 
and the following telegram was received from the Ante- 
lope Valley Land & Cattle Co. on the 13th, in acknowl- 
edgment of the warning sent that company on the 12th: 


Topaz, Cau., April 12, 1918. 


United States Weather Bureau, 
Merchants Exchange Building, San Francisco, Cal. 

Have notified owners representing over 100,000 new-born lambs 
contents your telegram. An fecl very grateful and wish expression of 
thanks conveyed to you. This company intended to commence 
shearing to-morrow, but will defer until after the storm. High, cold 
southwest wind blowing here now. Many thanks. 

ANTELOPE VALLEY LAND & CaTTrLe Co. 10:35 p. m. 


Two weather and temperature forecasts, one on the 2d 
and the other on the 18th, failed of justification. The 
first affected the eastern and southern portions of north- 
ern California. It was expected that a Low over Utah 
on the evening of the Ist, which had remained nearly 
stationary during the following 12 hours, would continue 
stationary long enough to cause showers where pre- 
dicted; but although it remained stationary for 24 hours 
and caused good rains in Nevada and showers in southern 
California, none was reported at stations within the 
northern California area where rain had been predicted. 

The other forecast was made on the morning of the 
18th, when showers and cooler weather were predicted 
for the second period of the forecast in the northern 
portion of northern California, western Oregon and 
western Washington. The mistake was made of mis- 
judging the extent of the nIGH over the ocean. It was 
thought the Low over western British Columbia and the 
relative low pressure over California would form a trough- 
shaped depression within the next 24 hours, that would 
extend from California northward over western Oregon 
and western Washington into British Columbia. Within 


this trough of low pressure cloudiness was expected to 
increase and be followed by showers, and the cloudiness 
and showers would have caused lower temperatures. 
Instead, the HIGH moved northward causing northerly 
winds and clear weather during the period, and the fore- 
cast was a failure.—E. A. Beals, District Forecaster. 
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SECTION IV.—RIVERS AND FLOODS. 


RIVERS AND FLOODS, APRIL, 1918. TABLE 1.—Flood stages in Atlantic and eastern Gulf drainages during 


April, 1918. 
By Aurrep J. Henry, Meteorologist in Charge. F 
[Dated: River and Flood Division, Weather Bureau, May 27, 1918.] = flood Crest 
stages—dates. 
° F oye F 

With the peases of April the probability of a serious River and station. + pone 
flood in the lower Mississippi during the season of 1917-18 From—| To— | Stage. | Date. 
vanished. The highest stage reached at Cairo, Ill., 
was 39.8 feet, about 5 feet below flood stage, on Feb- ATLANTIC DRAINAGE. 
ruary 25; at Memphis, Tenn., the highest stage lacked Connecticut: Feet. Feet. 

Hartford, 16 3 6| 188 4 
10 feet of flood stage and at Vicksburg the crest of the 3 4 
spring rise lacked 7 feet of flood stage. All of the above Do..-.-s.ss.ssessteectetseteseetedecseenes 10| 10| 13.0 10 
stages were recorded on the rise produced by the break- suatthite River Junction, Vt.......--.-.. 15 3 4] 17.6 3 
wuehanna: 
up of in the Ohio during the closing days of Barre, 
ames: 

In the northern districts, notwithstanding a winter a| 23 "9 a 
of severe cold and fairly heavy snowfall, the ice passed 22| 23) 12.2 22 
out of the rivers almost without damage by gorging or Randolph, Va...---++---++-++0++0+00+ 21] 22] 22] 236 22 
floodi 30; i1| 14] 36.5 il 

In April, 1918, there were few flood-producing rains 11.5 93 
although quite a few short-lived floods occurred in the ~ 
rivers of the South Atlantic drainage, but as a rule they 

were local and short-lived. The details are shown in 
Tables 1, 2, and 3 below. 24) (**) 14.7 28 

oods euses 

Losses April, 1018, due 14 11 13 15.3 12 
Bridges, rops. Cape ne 21 26 17.4 23 
District. Olive slonof Elizabethtown, 22} 22] 28] 33.9 24 
7.0| 22-28 
26) (**) 9.1 30 

Shreveport, La........- 
Columbia, 22 22 22.4 22 

13 12.7] 15-16 

rivers are shown on Chart I. The stations selected for B. 2 
charting are Keokuk, St. Louis, Memphis, Vicksburg, and Coosa: PAST GUEF DRAINAGE. 

New Orleans, on the Mississippi; Cincinnati and Cairo, Lock No. 4(Lineoln, Als.).........-.. 16.0 u 
j i Black Warrior: 

on the Ohio; Nashville, on the Cumberland; Johnsonville, pa 

on the Tennessee; Kansas City, on the Missouri; Little 


Rock, on the Arkansas; and Shreveport, on the Red. #* Continued into May. 
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es TaBLe 2.—Flood stages in Mississippi drainage during April, 1918. TaBLE 3.—Flood stages in western Gulf and Pacific drainages during 
April, 1918. 

| 
Above flood 
Flood | stages—dates. Above ficod 
River and station. stages—dates. rest. 

From—| To— | Stage. | Date. River and station. stage. 

: From—| To— Stage. | Date. 
Mississippi: Feet. Feet. 

Iinois: Trinity: Feet. Feet. 

Grand: Guadalupe: 
Brunswick, 10 9.8 4 Victoria, 1 1 18. 6 1 
ill! 12 26 26 15.6 26 
Pacific, il 19] 19 11-0 19 American: | 
‘ 2 ‘olsam City. C 
auey Folsom City, | 10 10 | 10 10.0 10 
aletvite, Va... 31 30.9 30 By Unrrep States Lake Survey. 
‘Carmel, 14.8 30 [Dated: Detroit, Mich., May 4, 1918.] 

Tennessee: vm sie m The following data are reported in the Notice to Mar- 

—" iners of the above date: 

Petit Jean: Lakes.* i 
20 18 19 | 21.0 18 
Black Rock, 14 (**) 14.0/ 30 Data. Michigan 
| Superior an Erie. | Ontario. 
ed; | 
ATK... 28 21; 4 28.1 21 Mean level during April, 1918: | Feet. Feet. Feet. | Feet. 
19) 26. 6 21 Mean stage of March, 1918............| —0.15 40.34] 40.00| +0.56 
Ringo Crossing, 20 9 23.0 8 Mean stage of April, 1917. -0.79) 40.62] —0.35| +0.93 
17 20 21.6 18 Average stage for April, last 10 ‘years.| —0.13 +0, 27 —0.15 +0. 75 
Cypress: Highest recorded April stage......... |; 1.23) —1.98 —1. 26 
aan 18 24 24 18.4 2 Lowest recorded April stage......... +0.92/ +42.18] +0.99 +2. 33 
Arkadelphia, | 18 17.4 7 Average relation of the April level to— - 
| | 
+ Continued from March. * February. ** Continued into May. * Lake St. Clair’s level: In March, 574.61; in April, 574.46 feet. 
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SECTION V.—SEISMOLOGY. 
SEISMOLOGICAL REPORTS FOR APRIL, 1918. 
W. J. Humpsreys, Professor in Charge. 
(Dated: Seismological Investigations, Weather Bureau, June 4, 1918.] 
TaBLE 1.—Noninstrumental earthquake reports., April, 1918. 
Approxi- 
ma roxi- 
Approxi-| “PP Intensity 
Day. =. Station. mate fo Rossi- ae Duration. Sounds. Remarks. Observer. 
wich latitude. tude. Forel. ‘ 
Civil. 
ARIZONA 
1918. H. m. M. 8 
Apr. 20 8 45 35 12] 111 37 2 1 | G. T. Herrington. 
35 12] 111 37 2 1 | G, T. Herrington. 
21 32 49] 113 28 3 1 10 Gradual rocking................. M. kins. 
Bouse. .. 33 57) 114 O1 5 2 15 .| Gradual trembling NW-SE..... E. L. Short. 
Crozier. . 35 24} 113 40 3 1 10 .| Abrupt rocking, windows shook.| W. H. Turk. 
Mohave City 35 02] 114 38 5 1 Few Gradual rocking N-S............ Merle O. Smith. 
Oatman 35 02); 114 5 1 Few — Barbara J. Shearer. 
34 10] 114 17 5 1 Few . E. Brown. 
33 40] 114 11 5 2 Gradua ual rocking, NE-SW....... J. L. Wilson. 
ck 33 47] 113 37 4 1 Arizona Gazette. 
35 19] 112 51 1 1 San Francisco Chronicle. 
eee 32 35] 114 43 4 2 Few Gradual rocking, water in buc-- | M. A. Hoffponir. 
ets slopped over, NW-SE. 
I oc enccdscapcese 32 40; 114 08 4 1 Few Rattling, gradual rocking, W-E.| G. J. Schultheis. 
33 49] 113 32 4 2 Few Abrupt trembling. .............. August Nord. 
» 34 52) 114 09 4 1 30 Louis Janc. 
32 45| 114 36 5 1 03 Rattling, abru rocking, E-W; | U.S. Weather Bureau. 
clock stoppe' 
28 35 12] 111 37 1 1 Single sharp bump............-- G. T. Herrington. 
35 12] 111 37 5 1 Rumble, slight rocking.......... G. T. Herrington. 
CALIFORNIA 
17 © iikancccacsecsaces 40 48} 124 ll 5 2 30 | Rumbling......... Gradual trembling, N-S......... Geo. E. Kammerer. 
EES 40 48] 124 ll 5 2 , io, eer Gradual trembling, N-S, ending | Lawrence M. Monfort 
with 2 distinct bumps, first 
bump strongest. 
21 33 27) 116 55 8 3 24 | Rumbling......... Rapid trembling, N-S, shocks | Paul Thomsen. 
continued cue night with 
one next m 
34 35) 115 52 5 2 Rapid rocking, E-W...........- T. R. Mor, 
B 33 55 | 116 53 I. 0. O. F. building | San Franc Chronicle 
ell ou 
Rae aE rere: 32 39] 117 03 5 3 30 | Rumbling......... Rapid rocking, NE-SW......... R. M. Allen. 
Barrett (6 miles north)..| 32 42] 116 41 5 4 04 Se Se ay ual rocking, | L. Watts. 
34 54) 117 02 4 2 gradual rocking, | E. L. White. 
Beaumont ...-........... 33 55} 117 00 8 2 — rocking, N-S; chimneys | K. R. Smoot. 
33 59} 117 00 2 1 Abrupt K. R. Smoot. 
33 114 41 4 3 N and E-W.| Iva M. Grober. 
on 33 55 | 116 47 water tanks toppled | San Francisco Chronicle. 
Se eee 33 32] 116 45 9 4-5 15 | Rumbling......... Rai pid. rocking. Nearly every- | Hartwell W. Gardner. 
g on shelves of store 
thrown to floor. Dust clouds 
on Mount Thomas 
ately indicated land slips. 
Tremors continued through- 
out afternoon and night. 
32 41] 115 30 1 gradual rocking, | H. M. Rouse. 
32 41} 115 30 Several. Water barrel slopped over, N-S. | I. R. Ralston. 
Automobiles moved, N-S, 
about 4 feet. le iron 
— ging free descri an 
34 06) 117 43 6 1 ambling. Gradual 260 East Third Street. 
sto ndulum ane 
20 
34 06] 117 43 6 1 2 30 Moderate.......... Rapid trembling E-W, ending | F. P. Brackett. 
33 117 34 1 1 | Faint secondary shock 17 min- | Thomas C, Seas. 
utes after last above. 
El Calon 32 48) 116 59 6 1 2 00} Rumbling....-.... rocking and trembling..| E. P. and P. G. Kessler. 
32 48] 116 59 1 1 Secondary shock 18 minutes | E, P. and P. G. Kessler. 
after last above. 
Escondido.............. 33 07) 117 06 6 1 A Rumbling and bumping........ H. L. Harlow. 
Escondido.............. 33 07] 117 06 1 10 Secondary shock 12 minutes | H. L. Harlow. 
after last above, trembling 
continued till end of hour. 
34 45) 118 26 6 Abrupt twisting, | Wm. F.C. Lowe. 
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TABLE 1.—Noninstrumental earthquake reports, April, 1918—Continued. 
Approxi- 
ma pproxi- 
Intensity 
Day. | jime, Station. mate | “Rossi.” | Number | nuration. Sounds. Remarks. Observer. 
latitude. | 100g | | ofshocks. 
wich tude. 
Civil. 
CALIFORNIA—Ccontinued. 
1918. H. m. M. 8. 
Apr. 22 30/| Fontana................ 34 06) 27 5 1 Bambang. Abrupt rocking, | J. Lundemo. 
36 119 49 2 | Chandeliers swayed ............-. W. E. Bonnett. 
Ne 33 44/ 116 58 10 | 2 og SS ST a a Every business house laid flat. | San Francisco Chronicle. 
aan losses appraised at 
| 75,000. 
32 51) 115 33 Railroad watertank toppled over.) San Francisco Chronicle, 
le aE 33 43! 116 13 9 3 55 | Rumbling......... —. rocking and twisting, | Bruce Drummond. 
Great dust clouds 
arose on San Jacinto Moun- | 
tains. Buildingsdamaged. | 
EE eee 33 04! 116 36 6 2 15 | Rumbling......... Abrupt Sempingent t trembling. .| J. H. L. Vogt. 
‘ Laguna Beach.......... 33 31) 117 47 5 2 05 | Rumbling......... Abrupt rocking NE-SW........ | Wendell P. Hoge. 
Los Angeles...........-- 34 03) 118 15 8 1 Rumbling, abrupt | A. W. Pugh. 
then rocking E-W and twist- | 
ing, clock stopped, doors | 
opened. 
33 34! 116 05 5 3 Water thrown out of irrigation | Edgar A. Palmer. 
ditches and reservoirs over a | 
bank 3 feet high. Clouds of | 
dust rose from canyons in the | 
mountains. = 
Mesa Grande............ 33 10| 116 46 5 1+ 1 00} Rumbling......... 5 or 6 secondary slight shocks | Edward H. Davis. 
followed during next 4hours. | 
Mount Lowe............ 34 118 08 8 1 E-W, and up | Edward Lucien Larkin. 
and down. 
| Mount Wilson........... 34 13 | 118 04 8 2 Abrupt rocking NE-SW. A.H. Joy. 
Rocks on mountain side dis- 
iodgeca 
33 19| 116 52 8 3 12 Abrupt bumping and rocking | Esther P. Hewlett. 
33 19/ 116 1 Slight secondary shock 19 min- | Esther P, Hewlett. 
| | utes after above. | 
1 Slight third shock 29 minutes | | Esther P. Hewlett, 
after first one, and several | 
| slight tremors later. 
34 23) 118 33 5 | P. J. Coyle. 
34 25/ 119 12 5 1 Abrupt rocking E-W.........-. Wm. H. Duncan. 
32 43 117 15 10 | Rapid rocking SE-NW.........| Fred J. Dick. 
34 03 45 4 a | Abrupt twisting NE-SW.......; John E. Adamson. 
34 03 11 Several buildings wrecked....... | San Francisco Chronicle. 
34 06/| 117 22 4 2 | DL. eer Rumbling, trembling 7 seconds | J. B. Witts. 
| SE-NW, then a heavy twist) 
| } for 3 seconds. 
33 59 | 117 23 Ornaments shook from court- | San Francisco Chronicle. 
| | house cornice. Plate glass | 
| | broken. 
| San Bernardino......... 34 06 117 18) Wall 100 feet long of low brick | San Francisco Chronicle. 
| | building fell out. 
San Bernardino Moun-| 34 07 | 116 56 Rumbling, mountain rocked | J. M. Henry. 
| tain. | | | like, a cradle. Trees lapped | 
j 
| 32 43 117 10) 6 1 Abrupt. bumping and rock- Dean Blake. 
ing E-W and N-S. Clock , 
>) | } | stopped. Milk bottle toppled 
| over. Rocking chairs rocked. 
| San Diego..............- 32 43; 117 10 5 O65 | First trembling, second twist- Archibald Campbell. 
| | | Ing. 
Diego (Camp) 32 | 117 10 4 _ Rapid Capt. Harry J. Willey. 
| Kearny 15 miles 
| north). 
| San Jacinto............. 33 46) 116 58 10 2 | Rumbling. Every business , San Francisco Chronicle. 
| | house laid fiat. Building 
losses appraised at $150,000. 
| Santa Anna............. | 33 46) 117 53 s eo 47 | Rumbling.....-...- Gradual rocking E-W........... R. L. Bisby. 
| Santa Monica........... 34 02; 118 30 6 3 | Gradual rocking SW-NE. W. F. Bates. 
j and rocking. 
33 58 | 118 28 6 4 Abrupt rocking SW-NE........ Dr. James T. Brown. 
| Victorville. .... | 34 117 18 6 1 | Rumbling, abrupt rocking N Virginia Messick. 
| Clock stopped. A 
: | thrown from shelves. 
| | hour after above. 
Poo 34 32 | 117 18 5 a 37 | Rumbling......... | Concrete tank cracked..........- G. H. Matthews. 
| Warner Springs......... i; 33 17] 116 39 8 Plaster and adobe walls cracked.| J. A. Ream. 
Warner Springs........- | 33 17 1 shock 15 minures J. A. Ream. 
| | | alter above. 
| Whitewater............. 33 54| 116 38 Two buildings collapsed......... ' San Francisco Chronicle. 
| 33 117 06 _ Earth slip buried 2 men in mag- | San Francisco Chronicle, 
| | | nesite mine. Both rescued. 
33 55| 118 11 2 | Frame house on wood posts | F. H. Staverman, scien- 
| rocked to and fro. Two doors tific assistant, Batavia \ 
| hinged N-S opened. Door Observatory, Java. : 
| hinged E-W closed. i 
| | | through night, with one 
~ | on morning of 22d. 
23 | 32 41; 115 30 4 1 cases Abrupt bumping H. M. Rouse. 
7 00 | Hemet.................. 33 44| 116 58 | 4 | Windows shook, dishes rattled... San Francisco Chronicle. 
9 00 | Hemet ................. 33 116 58 | 4 wis. & | Windows shook, dishes rattled..| San Francisco Chronicle. 
33 44! 116 58 | 5 1 _ Windows shook, dishes rattled..| San Francisco Chronicle. 
ce Center of disturbances apparently San Jacinto fault, in Baptiste Canyon, 7 miles east of San Jacinto.—San Francisco Examiner. 
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TABLE 1.—Noninstrumental earthquake reports, April, 1918—Continued. 
Approxi 
ma 
Approxi- | “PP: Intensity 
Day. Station. mate Rossi- Duration. Sounds. Remarks. Observer. 
latitude. Forel. 
wich tude. 
Civil 
CALIFORNIA—Continued. 
Apr. 23 7 00 | San Jacinto. ............ 33 46] 116 58 4 1 POWs Windows shook, dishes rattled... San Francisco Chronicle, 
9 00 | San Jacinto............. 33 116 58 4 1 Few. |.......+.----.s-+--| Windows shook, dishes rattled. .| San Francisco Chronicle. 
14 15 | San Jacinto............. 33 46] 116 58 5 1 Windows shook, dishes rattled..| San Francisco Chronicle, 
24 9 55 | Warner Springs......... 33 116 39 2 1 Few. | None..... ove] J. A. Ream. 
7 00 | San Jacinto............. | 1 BOW. San Francisco Examiner, 
10 05 | Warner Springs......... 33 17) 116 39 3 1 | J. A. Ream. 
26 11 00 | Mesa Grande............ 33 10) 116 46 2 1 Edward H. Davis. 
12 00 | Mesa Grande............ 33 10] 116 46 2 1 O1 | Faint... Edward H, Davis. 
27 33 32] 116 45 3 1 01 | Rumbling......... Gradual trembling, N-S.........| Hartwell W. Gardner. 
San Jacinto 33 46] 116 1 BOW: Associated Press. 
6 00} Mesa Grande 33 10] 116 46 2 1 Edward H. Davis. 
10 00 | Cahnilla........ 33 32] 116 45 4 1 01 | rocking, N Hartwell W. Gardner. 
15 00} Cahuilla........ 33 32) 116 45 3 1 01 | Rumbling......... Gradual tremb ne NESW Hartwell W. Gardner. 
33 32] 116 45 3 1 01 _ > Rumb gradual trembling | Hartwell W. Gardner. 
29 2 00} San Jacinto............. 33 46] 116 58 5 1 WO tescotacck decade Rocked tables and furniture....| Los Angeles Times. 
12 00 | San Jacinto............. 33 46] 116 58 3 1 BOW 1 cdcastcccupeioentes Rocked tables and furniture....| Los Angeles Times, 
DISTRICT OF COLUMBIA. | 
10 1 09 | Washington............. 38 54 77 03 3 1 08 Win ia Gradual trembling.............. Local observers, press re- 
MARYLAND. 
39 76 Gradual trembling D. Curtiss 
39 38 77 Like blasting; gradual trembling D. E. Oswald. 
Clear Spring........... ee| 30 37 77 5 pos oa of glass found | M. W. Frantz. 
broken next day. 
Solomons 38 19] 76 27 4? | Rumbling; abrupt trembling. | W. H. , M. 
— time 31 minutes too 
late.) 
Tekome Park. 38 58 77 3 1 01 L. M. Mooers. 
Woodstock............. 39 19] 76 52 2 1 01 Press report. 
PENNSYLVANIA. 
---| 40 26 76 04 2 1 Gradual trembling. ............. Wm. A. Rorer. 
VIRGINIA. 
37 32 79 41 1 1 Gradual trembling.............. D. D. Booze. 
37 45 1 Like a violent wind............. A. B. Payne. 
9 18 08 | Dale Enterprise......... 38 27 78 55 1 1 01 | None..... Trembling. .......... L. J. Heaterole. 
10 1 09/ Dale Enterprise......... 38 27 78 55 3 2 03 | Rumbling......... Abrupt trembling. .............. L. J, Heaterole. 
36 34 79 26 2 1 Gradual rocking........ Lewis 
chel 
Gordonsville. ........... 38 09} 78 1 3 2 Rapid trembling...............- J. C. Graves. 
38 09 77 «26 1 1 Gradual trembling W-E........ M. J. McNair. 
Harrisonburg........... 38 25 78 52 Rocking motion................. Morning Lea- 
er. 
37 25 79 09 2 1 .| Gradual trembling............-. R. C. Williams. 
| New Canton............| 37 4 78 23 5 2 Abrupt trembling............... Plummer F. Jones. 
| 38 15| 78 07 5 Abrupt Miss Cleo Benedict. 
38 19 78 04 3 2 Gradual trembling. ............. H. Calnahan. 
37 32 77 27 3 Gradual rocking NW-SE........ Mrs. Robert Currie. 
37 16 79 56 2 1 Gradual rocking................- R. F. Bell. 
Staunton.......... 38 10 79 04 4 2 | Gradual trembling NE.-S....... E. J. Cush 
BP Sere rormre 38 02 78 31 5 1 30 | Rumbling......... Like quite heavy al ab- | S. A. Mitchell. 
rupt trembling SW: 
Williamsburg. .......... 37 16] 76 43 2 1 W. E. Momier. 
39 10 78 10 4 1 30 Rumbling a running; Walter I. Cooper. 
abrupt tremb 
38 53 78 31 5 Like a heavy railroad train; | Tirzah L. Miley. 
gradual trembling E.-W. 
within a week. 
21 36 51 2 Few. | None..... .....| Associated Press. 
WEST VIRGINIA. 
10 1 09 | Buckhannon............ 38 59 80 15 2 1 Gradual trembling. ............- Mrs. A. Darnall. 
Martinsburg........s.00 39 77 58 5 1 07 | Rumbling......... Gradual bumping............... George W. Van Metre. 
UTAH. 
WASHINGTON. 
18| 20 13 | White Bluff Prairie (8| 47 40| 117 35 4 1 04 | Faint..... nieinwoa Rumbling; rocking N-S........ Mrs. A. D. Currie. 
miles west of Spokane). 
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TABLE 2.—Instrumental reports, April, 1918. 
(Time used: Mean Greenwich, midnight to midnight. Nomenclature: International.) 
[For significance of symbols see REVIEW for January, 1918, p. 34.] 
Amplitude. | Amplitude. 
Date. — Phase.} Time. | Remarks. Date. Phase.| Time. Remarks. 
Ag An Ag An 
Alaska. Sitka. Magnetic Observatory. U.S. Coast and Geodetic California. Point Loma. Raja Yoga Academy. F.J. Dick. 
vey. J. W. Green. 
Sur ey J Green Lat., 32° 43’ 03” N.; long., 117° 15’ 10 W. Elevation, 91.4 meters. 
Lat., 57° 03’ 00” N.; long., 135° 30’ 06” W. Elevation, 15.2 meters. Instrument: Two-component, C. D. West seismoscope. 
Instruments: Two Bosch-Omori, 10 and 12 kg. 7 
1918. H.m.8.| Sec. km. 
Instrumental constants: {x 19 15 hours preceding. 
No magnifica- 
7 tion, but N-S 
| | component is ab- 
1918. H. m. 8 Sec | | | km. 
...., 8 32 42 5 E driving clock be- | 
Mu 8 33 | 60 |...... ing repaired. (half swing) of 
| e E-W com- 
|.....-. Do. ponent for an 
eee) amplitude of | 
My ...| 224946) 12 .......| 
F 23 58 years a distinct 
nent was regis- 
| tered with an 
| amplitude of 0.5 
Arizona. Tucson. Magnetic Observatory. U.S. Coast and Geodetic | mm. True am- 
| | plitudes are 
Survey. F. P. Ulrich. | | therefore esti- 
| mated as 50 per 
Lat. 32° 14’ 48” N.; long., 110° 50’ 06” W. Elevation, 769.6 meters. | | | cent of those re- 
. ; ok | | | ally. orizon- 
Instruments: Two Bosch-Omori, 10 and 12 kg. | tal’ acceleration 
V 7, | | | | is estimated to 
E 10 14 | | have been be- 
Instrumental constants: i9 1x8 | | | tween 400 mm. 
and 600 mm. per 
7 per sec. Du- 
| ration 7 to 10 
1918. H.m.s.| Sec. | wp uw | km. | | | seconds. 
Ms.. ; = 30 12 50 |....---|...--- California. Santa Clara. University of Santa Clara. J.8. Ricard, 8. J. 
Lat., 37° 26 36” N.: long., 121° 57’ 63” W. Elevation, 27.43 meters. 
ePx ...| 22 33 50 | N stylus off paper § 
22 33 38 | to (See Record of the Seismographic Station, University of Santa Clara.) 
eLe...| 22 35 19 
Mz 34 6,900 | 8,920+)...... Colorado. Denver. Sacred Heart College. Earthquake Station. A.W. 
Fs ....| 2334. Forstall, 8. J. 
14 56 45 ....| Nothing on N. Lat., 39° 40’ 36’’ N.; long., 104° 56’ W. Elevation, 1,655 meters. 
15 O04 Instrument: Wierchert 80 kg., astatic, horizontal pendulum. 
} 


California. Berkeley. University of California. 
Lat., 37° 52’ 16’ N.; long., 122° 15’ 37’”" W. Elevation, 85.4 meters. 


(See Bulletin of the Seismographic Stations, University of California.) 


California. Mount Hamilton. Lick Observatory. 
Lat., 37° 20’ 24’”’ N.; long., 121° 38’ 34’ W. Elevation, 1,281.7 meters. 


(See Bulletin of the Seismographic Stations, University of California.) 


Instrumental constants ........ 


| Sinusoidals of | 
| period and small 
| amplitude on 
| both components 
recurring con- 
stantly during 
the day. 


ening of pen- 
marks. 


| intervals during 
the day. 


| 

1918. |H.m.s. 
ll. 
| 
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TaBLe 2.—Instrumental reports, April, 1918—Continued. 


Amplitude. Amplitude. 
Charac- Period Charac- Period Dis- 
Date. Phase.| Time. | Remarks. Date. Phase.| Time. | tance,| Remarks. 
Ag An Ags An 
Colorado. Denver—Continued. District of Columbia. Washington. U.S. Weather Bureau. 
1918. H.m.s.| Sec. “ B km. Lat., 38° 54’ 12’” N.; long., 77° 03’ 03’ W. Elevation, 21 meters. 
Apr. 21 |........ Not discernible. 
Instrument: Marvin (vertical pendulum), undamped. Mechanical registration. 
Ly....| 22 38 .. Instrumental constants.. 110 6.4 
25,000 
Lz....| 22 38 5 | *25,000 
Ms....| 22337... | 
Cw....| 22 40 .. 8 000 1 09 
ing the *90,000 |...... Trace ran off 
| vals dur_ 
District of Columbia. Washington. Georgetown University. *Trace amplitude. 
F. A. Tondorf, 8. J 
Lat., 38° 54’ 25’’ N.; long., 77° 04’ 24” W > Elevation, 42.4 meters. Subsoil: Decayed ae 
é - diorite. 4 Hawaii. Honolulu. Magnetic Observatory. U.S. Coast and Geodetic 
Instruments: Wierchert 200 kg. astatic horizontal pendulums, 80 kg. vertical. Survey. Frank Neumann. 


Lat., 21° 19’ 12’’ N.; long., 158° 03’ 48’ W. Elevation, 15.2 meters, 
Instrument: Milne seismograph of the nee Committee of the British Asso- 
ation. 


1918. | H.m. s.| Sec. | m mn km To 
My. 1 09 29 | oe *1, 800 |...... cally. F in 
(No earthquake recorded during April, 1918.) 
VERTICAL. Ag. 
Mi...) 109 34 | *1,600 |...... 
Earlier part of Kansas. Lawrence. University of Kansas. Department of Physics 
ae Lat., 38° 57’ 30” N.; long., 95° 14’ 58” W. Elevation, 301.1 meters. 
croseisms. 
Instrumental constants..{N 995 314 43 
7 03 24 seisms. Apr. 10 215 47 
doubtful as 245 .. 
to seismic 251... 
origin. 
| 22 38 57 Mainka shows: 17 
VERTICAL. 
21 Pz....| 92 39 02 21 Py 5 seconds 
* Trace amplitude. 


| 
~ 
> 
ot 
V te 
E 165 5.4 0 
Instrumental constants. 143 5.2 0 
Z 80 3.0 0 
: 
f 
{ 
BAL 
f 
| 
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TasLe 2.—Instrumental reports, April, 1918—Continued. 


| 
| | Amplitude. 
Date. Phase.| Time. | Remarks. 
Ag An 


Maryland. Cheltenham. Magnetic Observatory. U.S. Coast and Geo- 
detic Survey. George Hartnell. 


Lat., 38° 44’ 00’ N.; long., 76° 50’ 30’’ W. Elevation, 71.6 meters. 
Instruments: Two Bosch-Omori, 10 and 12 kg. 


V 
Instrumental constants. {N 4 -4 
1918. H.m.s.| See. | km. 
Mg....; 1 09 32 2 | NES eee tenham and 
| 1 09 36 Croome, Md. 
| | portion re- 
| corded on 
| magneto- 
graph. 
..| 22 47 20 14 
My....] 22 50 28 | 14 


Lat., 42° 22’ 36” N.; long., 71° 06’ 59” W. Elevation, 5.4 meters. Foundation: Glacial 
sand over Clay. 
Instruments: Two Bosch-Omori 100 kg. horizontal pendulums (mechanical registration)- 
V 
23 «(0 


} km. 
4.040 | N component 
| | ; out of com- 
| mission for 
repairs. 

| Undamped 
| pendulum, 

| A increases as 
T shortens. 
Stylus left 
drum for im. 
lis. Trace 
amplitude, 
65mm. Ori- 
gin, southern 
Yalifornia. 


Missouri. Saint Louis. St. Louis University. Geophysical Observa- 
tory. J. B. Goesse, 8. J. 
Lat., 38° 38’ 15’ N.; long., 90° 13’ 58” W. Elevation, 160.4 meters. Foundation: 12 
feet of tough clay over limestone of Mississippi system, about 300 feet thick. 
Instrument: Wiechert 80 kg. astatic, horizontal pendulum. 


VT) « 
Instrumental constants.. 80 7 5:1 


| 
1918 H.m.s8.}| Sec. | km. 

eLy...| 6 57 42 21 |.........| 92,000 |...... recorded. 
eLg...| 6 57 42 NoS on E-W. 

| 8 on N-S doubt- 

2 ful. 
San Jacinto, 

Cal. 


Isolated shocks. 


* Trace amplitude. 


New York. Buffalo. Canisius College. John A. Curtin, 8. J. 
Lat., 42° 53’ 02" N.; long., 78° 52’ 40’ W. Elevation, 190.5 meters. 
Instrument: Wiechert 80 kg. horizontal. 

V Toe 
Instrumental constants.. 80 7 5:1 


(Report for April, 1918, not received.) 


Amplitude. 
| Dis- 
|tance. 
Ag | A N | 


Date. phase.| Time. 


ter. | Remarks. 


| 


New York. Fordham. Fordham University. Daniel H. Sullivan, 8. J- 
Lat., 40° 51’ 47”’ N.; long., 73° 53’ 08" W. Elevation, 29.3 meters. 


Instrument: Wiechert, 0 kg. 


instrumental constants. “2 5.0 0 


1918 8 Sec. | km 
Mg....| 23 46 28 996,000 Great ampli- 
| My ...| 23 47 03 963,000 tudes due to 
| 


*Trace amplitude. 


New York. Ithaca. Cornell University. Heinrich Ries. 
Lat.., 42° 26’ 58’ N.; long., 76° 29’ 09’ W. Elevation, 242.6 meters. 
Instruments: Two Bosch-Omort, 25 kg., horizontal pendulums (mechanical registration). 


V 


onte 4: E 13 22 4:1 
Instrumental constants. 1425 41 


(Report for April, 1918, not received.) 


Panama Canal. Balboa Heights. Governor, Panama Canal. 
Lat., 8° 57’ 39’ N.; long., 79° 33’ 29° W. Elevation, 27.6 meters. 
Instruments: Two Bosch-Omori, 100 kg. 


V To 
Instrumental constants.. 35 20 


1918. | H.m.s.| Sec km 
| from 22h 40™ 
} | to 23> 20”. 
| Distance and 
| direction un- 
| known. 
i 
| } | 15™ 00s. 
Distance and 
direction un- 
known. 
| 
| Pa....| 91:47 48 280 | Direction? 
La. 21 48 22 
31 48 33 |........ *2,000 |.....- 


*Trace amplitude. 


Porto Rico. Vieques. Magnetic Observatory. U.S. Coast and Geodetic 
Survey. F. L. Adams. 


Lat., 18° 09’ N.; long., 65° 277 W. Elevation, 19.8 meters. 
Instruments: Two Bosch-Omori. 


Instrumental constants. . 4 
| 
1918. H.m.s.| Sec km 
eLy...| 23 00 40 
eLsz...| 23 01 20 | 
Mwy....| 23 03 57 | 
Me. 23 09 06 14 | 
My....| 4 15 57 
Mg....| 4 16 02 4) 


| 
i 
: | 
: Massachusetts. Cambridge. Harvard University Seismographic Station. ee 
1918 | Sec. 
| | 28.39 45 1......2. 
| elg...| 22 49 12 
Ly....| 22 51 34 | 6 
Ms....| 22 55 00 | 15 
| 
| 
My ...| 22 45 06 12 |........-| #45,000 |......| 
| 
| 
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TABLE 2.—Instrumental reports, April, 1918—Continued. 


Amplitude. Pe- Amplitude. 
Date. Phase.} ‘Time. Period Remarks. Date. Phase.| Time. | riod. Remarks. 
. . 
Ap An An An 
Vermont. Northfield. U.S. Weather Bureau. Wm. A. Shaw. Canada. Toronto. Dominion Meteorological Service. 
p Lat., 44° 10’ N.; long., 72° 41’ W. Elevation, 256 meters. Lat., 43° 40’ 01” Ns long., 79° 23’ 54” W. Terie, 113.7 meters. Subsoil: Sand and 
clay. 
Instruments: Two Bosch-Omori, mechanical registration. 
7. Instrument: Milne horizontal pendulum, North. In the meridian. 
10 15 To 
Instrumental constants. .{¥ 10 16 Instrumental constant.. 18. Pillar deviation, 1 mm. swing of boom=0.50’. 
1918. H.m.s.| Sec. “ km: 1918. H.m.s. See km 
Canada. Ottawa. Dominion Astronomical Observatory. Earthquake £| 
Station. Otto Klotz. sy Ore eL....| 3 06 54 
, 3 09 54 |. 
Lat., 45° 23’ N.; long., 75° 42’ 57” W. Elevation, 83 meters. 
Instruments: Two Bosch pho’ hic horizontal pendulums, one Spindler & Hoyer 
Instrumental constants. 120 26 
have nm set to 
register N-S dur- 3,520 | San Jacinto, Cal. 
On..... 2 26 48 22 51 54 |........ 10,000 |.......|.....- 
Ln 2 18 BB Biecetlcenssnelveayas * Trace amplitude, + Original time for all readings given in tenths of a minute. 
Canada. Victoria, B.C. Dominion Meteorological Service. 
Lat., 48° 24’ N.; long., 123° 19 W. Elevation, 67.7 meters. Subsoil: Rock. 
Instrument: Wiechert, vertical; Milne horizontal pendulum, North. In the meridian. 
To 
Instrumental constant.. 18. Pillar deviation, 1 mm., swing of bboom=0.54’’. 
1918. H.m.s.| Sec km 
VERTICAL, As. 
eSy?..| 14 57 08 |........ 


¢ Original time given in tenths of a minute. 
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TaBLe 2.—Instrumental reports, April, 1918—Continued. 


Amplitude. 
Charac- Period| _| Dis- 
Date. ter. Phase.| Time. Remarks. 
As An 
Canada. Victoria, B. C.—Continued. 
| 
1918 H.m.s.| Sec | km.! 
*29,000 |.....-. | 
VERTICAL. ‘ 


* Trace amplitude. 
SEISMOLOGICAL DISPATCHES.' 


Washington, D. C., April 9, 1918. 

A slight earthquake shock was felt here at 9hrs. 9m. 12s. p.m. In 
the neighborhood of the Georgetown University Seismic Station win- 
dows were broken. The tremors lasted for about three minutes. 
(Georgetown University Station.) 

Richmond, Va., April 9, 1918. 

Several residents of Highland Park reported to the police and the 
newspapers to-night that their homes were severely th for several 
seconds. Three distinct shocks were felt. (Assoc. Pr.) 

Lynchburg, Va., April 9, 1918. 

A pronounced earthquake shock, continuing for a little less than one 
minute, was felt here to-night shortly after 9 o’clock, causing many 
inquiries at the local newspapers. It was felt also in the contiguous 
counties. No damage. (Assoc. Pr.) 


1 Reported by the organization indicated and collected by the seismological station 
at Georgetown University, Washington, D.C. 
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Woodstock, Md., April 9, 1918. 
Slight earthquakes were felt here at a few minutes past 9 o’clock 
p.m. (Local observer.) 


Luray, Va., April 16, 1918. 

Northern Virginia felt the fifth earthquake shock within a week. 
The shock came at 8:40a.m. Buildings rocked, windows rattled, and 
consternation reigned. (Assoc. Pr.) 

ce ‘quake was not recorded on seismographs at Washington, 


Eureka, Cal., April 17, 1918. 

An earthquake, said to have been the most severe experienced here 
in a decade, occurred last night. The vibrations lasted 30 seconds. 
No damage. (Assoc. Pr.) 


Fort de France, Martinique, April 19, 1918. 

Slight earthquake shocks have been felt here for five days. The 
tremors began soon after noon Sunday, 14th, and continued until 2 
o’clock this afternoon. (Assoc. Pr.) 


Norfolk, Va., April 19, 1918. 
Two distinct earthquake shocks were felt here and at Suffolk shortly 
before noon to-day. (Assoc. Pr.) 


Los Angeles, Cal., April 21, 1918. 

All of southern California and part of western Arizona and Utah 
were shaken to-day at 3:32 p. m. by an earthquake, which wrecked 
virtually all buildings and residences in Hemet and San Jacinto, two 
inland towns 45 miles southeast of Riverside, Cal., and caused minor 
property damage in practically every town and city in this section of 
the State. (Assoc. Pr.) 


San Jacinto, Cal., April 23, 1918. 

Three more shocks occurred in this place, one at midnight, one at 
2a.m., the third at 7:15a.m. The last of these three was the more 
severe. Windows rattled and dishes were shaken. (Assoc. Pr.) 


San Jacinto, Cal., April 25, 1918. 
Two more earthquake shocks occurred during the night, one at 8 
o’clock and the other at midnight. Nodamage wasdone. (Assoc. Pr.) 


Rome, April 25, 1918. 
Earthquake shocks lasting a minute were felt at Milan and Bergam, 
in northern Italy. No damage was done. (Assoc. Pr.) 


San Jacinto, April 27, 1918. 
One of the most severe of a score of earthquakes occurred last night 
at about 10:30. No damage was done. (Assoc. Pr.) 


| | 
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SECTION VI.—BIBLIOGRAPHY. 


RECENT ADDITIONS TO THE WEATHER BUREAU LIBRARY. 
©. TALMAN, Professor in Charge of Library. 


The following have been selected from among the titles 
of books recently received as representing those most 
likely to be useful to Weather Bureau officials in their 
meteorological work and studies: 


Alaska. Agricultural experiment stations. 
Report of the Alaska agricultural experiment stations. 1916... 
Washington. 1918. 9lp. plates. fold. map. tables. 23cm. 
[Climatological data, p. 81-91.) 


Bigelow, Frank H[agar). 
A treatise on the sun’s radiation and other solar phenomena, in 
continuation of the Meteorological treatise on atmospheric circu- 
lation and radiation. 1915. New York. 1918. ix, 385 p. incl. 
charts. tables. 234 cm. 


Canada. Meteorological service. 
Report for the year ended December 31, 1915... Ottawa. 1917. 
xv, 666 p. incl. tables. 20cm. At head of title: Department 
of marine and fisheries. 


Colton, Harold Sellers. ' 

The geography of certain ruins near the San Francisco mountains, 
Arizona. ont maps (part. fold.) chart. tables. 25 cm. 
(From Bulletin of the Geographical society of Philadelphia. 
v. 16, no. 2. April, 1918. p. 1-24.) [Discusses the ruins as 
affording evidence of climatic oscillations.] 


Flora, S[nowden] wight}. 
Some common fallacies about Kansas weather. (Excerpted from 
Missouri journal of education, Kansas City, Mo. vol. 2, no. 21. 
April 20, 1918. p. 8-11.) 30cm. 


Frazier, Rex Dunbar. 
The Galveston hurricane of nineteen fifteen. cover-title, 19 p. 
26 em. (Reprinted from Stone & Webster. Public service 
journal, Oct. 1915.) 


Great Britain. Meteorological office. 

Meteorological glossary (Fourth issue) in continuation of The 
weather map, .. QO. 2251,). London, 1918. 358 p. plates. 
charts (part. fold.) tables. 154cm, M. O. 225 ii. 

Monthly meteorological charts of the Mediterranean basin. Janu- 
ary-December. London. [1918] 12 charts. 444 x 574 cm. 
M. QO, 224 (2d edition.) 


Japan. Central meteorological observatory. 
On the barometric depressions in the year 1902, 1903, 1905-1907 
1909, 1911.. Tokio. 1917-18. 7v. charts. 29}cm. Athead 
of title: Annual report... Part 2. 
The cyclonic storms in the year 1912-1917. Tokio. 1918. 6 v. 
charts. 294cem. At head of title: Annual report... 1912-1917. 


Neill, W. T. 
Extracts from a aper on atmospheric refraction. [Read before 
the rortcegsatE. branch, Otago institute, N. Z., 26th Oct. 1915.] 
tables. diagrs. 304 cm. (The astronomical journal, Albany, 
N.Y. vol. 31, no. 2. Nov. 26, 1918. p. 9-16.) 


Smith, Russell. 
Origin of civilization through intermittency of climatic factors. 
(From Bulletin of the Geographical society of Philadelphia. 
v. 16, no. 2. April, 1918. p. (5}-29.) 25 cm. 


U. S. National advisory committee for aeronautics. 
Third annual report. 1917. Washington. 1918. 495 p. plates. 
charts. tables, diagrs. (part. fold.) 26cm. [Report no. 13. 
Meteorology and aeronautics, by W. R. Blair, p. 35-82.] 


U.S. Navy dept. 

A manual of aerography for the United States navy. 1918. Wash- 
ington. 1918. 165 p. incl. tables, 23$cm. ‘‘Compiled and 
edited under the supervision of Lieut. Commander Alexander 
McAdie, U. 8. R. F.”’ Bibliography, p. 163-165. 


Winberg,O. F.E. 
Report on freeze injury to citrus trees for 1916 and 1917, with notes 
on orange culture in south Alabama by O. F. E. Winberg and 
G. C. Starcher, aesisted by C. L. Isbell. Opelika, Ala. 1918. 
26p. illus. 2maps. 234cm. At head of title: Alabama agri- 
cultural experiment station of the Alabama polytechnic insti- 
tute, Auburn. Bulletin no. 199. March, 1918. 


63385—18——-3 


RECENT PAPERS BEARING ON METEOROLOGY AND 
SEISMOLOGY. 


C. Firzaueu Tauman, Professor in Charge of Library. 


The following titles have been selected from the con- 
tents of the periodicals and serials recently received in 
the Library of the Weather Bureau. The titles selected 
are of papers and other communications bearing on me- 
teorology and cognate branches of science. This is not 
a complete index of all the journals from which it has 
been compiled. It shows only the articles that appear to 
the compiler likely to be of particular interest in connec- 
tion with the work of the Weather Bureau. 


Franklin Institute. Journal. hae agg v. 185. May, 1918. 

Humphreys, W[illiam) J[ackson]. Physicsoftheair. p. 611-647. 
(Continuation.) 

National academy of sciences. Proceedings. Baltimore. v. 4. April, 
1918. 
Abbot, C[harles] G{reeley.] Terrestrial temperature and atmos- 
pheric absorption. p. 104~106. 
Nature. London. v.101. April 18, 1918. 
Dale, J. B. Elliptical haloes. p. 126. [See above p. 166.] 
Physical society of London. Proceedings. London, v. 30 pt. 2. Feb- 
ruary 15, 1918. 

Boys, C. V[ernon.} Recording thermometer. p. 94-99. 

Royal meteorological society. Quarterly journal. v.44. April, 1918. 

Lyons, H. G. Presidential address, annual general meeting. 
(The meteorological resources of the empire.) p. 69-89. 

Bellamy, F. A. On the barometer record at the Radcliffe observa- 
tory, Oxford, with special reference to Professor Turner’s sug- 

ested discontinuities. p. 91-97. 

Chree, C{harles]. The diurnal variation of barometric pressure 
at seven British observatories, 1871-1882. A correction and 
some additions. p. 99-111. ' 

Barnes, Alfred A. Diagram illustrating discontinuities in rainfall 
at 28 stations.  p. 128-130. 

Dines, J.S. The rate of ascent of pilot balloons. p. 131-138. 

Brooks, C.E.P. The meteorology of Zomba, Nyassaland, 133-136. 

Royal society. Proceedings. London. ser. A. v.94. no. 660. 1918. 

Aitken, John. Revolving fluid in the atmosphere. p. 250-259. 

Strutt, R. J. Ultra-violet transparency of the lower atmosphere, 
and its relative poverty in ozone. p. 260-268. 

Science. New York. v. 47. April 26, 1918. 

Von Herrmann, C. F. The desiccation of the earth. p. 417. 

{Part played by lightning, through decomposing water vapor. | 
Scientific American supplement. New York. v.85. 1918. 

Patterson, J. e energy required to produce rain. p. 279. 
(May 4.) [Repr. from Roy. astron. soc., Canada.] 

Wood, Frank S. Long range temperature forecasts, a method of 
comparing weather records with a view to predicting future 
conditions. p. 318-320. (May 18.) ’ 

Seismological society of America. Bulletin. Stanford university. v. 8. 
March, 1918. 

Palmer, Andrew H. California earthquakes during 1917. p. 1-12. 
{Compare p. 180, above. 

Mulholland, W[illiam.} Earthquakes in their relation to the Los 
Angeles aqueduct. 14-19. 

‘Hamlin, Homer. Earthquakes in southern California. p. 20-24. 

Staunton, W.F. Effects of an earthquake in a mine at Tombstone, 
Arizona. p. 25-27. 

Wood, Harry O. The study of earthquakes in southern California. 


. 29-33. 
Reid, Harry Fielding. Note on the velocity of long waves and the 
average depth of the ocean. p. 34-37. 
Symon’s meteorological magazine. London. v.53. April, 1918. 
Sec. Lieut. Donald Sowerby Salter, R.G. A. March 16th, 1890- 
March 22, 1918. p. 25-26. [Obituary.] 
Bonacina, L. C. W. Inverse weather phenomena. p. 30-32. 
Académie des sciences. Comptes rendus. Paris. Tome 166. 15 avril 
1918. 
Perrotin, H. Sur le refroidissement nocturne des couches basses 
de lVatmosphére. p. 616-617. 
Archives des sciences physiques et naturelles. Geneve. 4 pér. v. 45. 
Mars 1918. 
Saussure, Rénéde. Projet de bureau météorographique européen 
2 note. p. 178-190. 
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SECTION VII.—WEATHER AND DATA FOR THE MONTH. 


TEE WEATHER OF APRIL, 1918. Fy ct omar districts. A — warming up followed, 


P. C. Day, Climatologist and Chief of Division. 
{[Dated: Climatological Division, Weather Bureau, June 1, 1918.] 


PRESSURE AND WINDS. 


The distribution of the mean atmospheric pressure over 
the United States and Canada, and the prevailing direc- 
tion of the winds for April, 1918, are graphically shown on 
Chart VII, while the means at the several stations, with 
the departures from the normal, are shown in Tables I 
and 

April opened with pressure below the normal through- 
out the country, except on the extreme northern Pacific 
coast where it was slightly above. Low pressure con- 
tinued in most districts for several days, except that an 
area of higher barometer moved in from the far Northwest 
and gradually overspread the more northern and eastern 
sections, so that by the middle of the first decade the pres- 
sure was generally high from the Mississippi River east- 
ward. Lower pressure followed for a few days, par- 
ticularly in the more southern districts, after which there 
was a change to higher pressure in most northern and 
eastern districts. is continued until near the middle 
of the month, while in the far Southwest the pressure 
remained relatively low throughout much of the period. 
During the second half of the month an occasional HiGH 
area moved across the Northern and Centra! States, 
otherwise pressure was generally below the normal and 
especially in the more southern districts. The month 
closed with high pressure in the far Northeast, also from 
the Mississippi River to the Rocky Mountains and along 
the northern Pacific coast; elsewhere pressure was 
generally below the seasonal average. 

For the month as a whole the barometric pressure aver- 

ed above the normal throughout the northern half of 
the country, and over the extreme eastern and western 
portions of Canada. Over ail southern districts the 
average pressure for the month was below the normal, 
as also in the central districts of Canada. In the middle 
Plains Region, the far Northwest, over much of New 
England and the Canadian Maritime Provinces, the 
positive departures approached 0.10 inch; and the 
negative departures in the extreme South were nearly 
as large. 

The distribution of the nicHs and tows favored 
northerly winds in the upper Missouri Valley, the Lakes 
Region, the Ohio and central Mississippi Valleys, New 
England, portions of the Middle and South Atlantic 
States, and along the Pacific coast. In the Gulf States 
and over much of the southern Plains Region the winds 
were mostly from southerly points. 


TEMPERATURE. 


At the beginning of the month preity high tempera- 
ture for the season prevailed in the East and South, but 


after a few days decidedly colder weather moved from the 
Canadian Northwest into practically all eastern and 


| but toward the end of the 


the first decade a marked drop in 
temperature occurred in the upper Lakes Region. A 


& further fall in temperature occurred in most eastern dis- 
 tricts during the early part of the second decade, but at 


the same time there was a considerable warming up in 
the Rocky Mountains Region and northern Plains States. 
The temperature continued unusually low in most sec- 
tions east of the Mississippi until near the middle of the 
decade, when generally warmer weather set in and con- 
tinued for several days; but toward the latter part of the 
decade a sharp drop brought temperatures to consider- 
ably below the seasonal average in the South. The next 
few days gave rather low temperature for the season from 
the Ohio Valley and Lakes Region eastward and west of 
the Rocky Mountains, but in most southern districts 
temperatures were near the seasonal average. About 
the middle of the last decade colder weather moved in 
over the Rocky Mountains Region, extended to the Mis- 
souri and Mississippi Valleys, and eastward during the 
next several days. The month closed with somewhat 
lower temperature over the Great Plains and with sea 
sonable temperature west of the Rocky Mountains. 
For April as a whole temperature was slightly above 
the normal along the Atlantic and Pacific seaboards, in 
the far Southwest, and generally along the Canadian bor- 
der from the Great Lakes westward. Over the interior 
the monthly means were everywhere below the normal, 
the deficiencies ranging from 3 to 6 degrees per day from 
the Ohio Valley westward to the middle Plateau egion. 


PRECIPITATION. 


The month opened with cloudy, unsettled weather in 
most eastern districts, and during the first few days con- 
siderable rain fell in the central and northern Rocky 
Mountains districts and also from the Mississippi Valley 
eastward, the fall being rather large in portions of the 
Ohio Valley and central and east Gulf States. Fair 
weather followed in practically all eastern sections until 
shortly after the middle of the first decade, when heavy 
rains occurred in portions of Texas, Louisiana; and Arkan- 
sas, and there were general and beneficial rains over most 
of the Plains States, extending eastward during the fol- 
lowing few days, with some heavy falls in portions of the 
Gulf and South Atlantic States. 

Early in the second decade heavy rains occurred in 
Pennsylvania, Maryland, and Virginia, and snow fell in 
the central and northern Appalachian districts, in Ohio 
and Kentucky and to the northeastward. About the 
middle of the decade a rain area moved over most of the 
Plains Region from Texas northward, and also over the 
Rocky Mountains district. The falls were rather heavy 
in Texas, Oklahoma, and Arkansas, and generous in the 
western portions of Kansas and Nebraska, where mois- 
ture was needed. Unsettled, showery weather contin- 
ued in most eastern sections during the remainder of the 
decade, while west of the Rocky Mountains generally 
fair weather prevailed. 
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Widespread rains fell in most eastern districts during 
the first few days of the third decade, and shortly after 
its middle heavy rain fell in Texas and southern Louisi- 
ana, while snow occurred in the western portions of Ne- 
braska and South Dakota and in Wyoming and Colorado. 
This general precipitation area moved over the Plains 
States and to the eastward—except portions of the Atlan- 
tic Coast States—with rather large falls in parts of the 
Florida Peninsula, the central Gulf States, the middle 
Mississippi Valley, and locally in the northern Great 
Plains Region. The month closed with rain in portions 
of the Gulf States and also in the lower Lakes Region 
and with snow in northern Michigan. 

For April as a whole precipitation was heavy to exces- 
sive in much of the South Atlantic and Gulf States, and 
the central and southern portions of the Mississippi Val- 
ley, while in most other sections east of the Rocky Moun- 
tains it was generally near the normal, except in the 
southern Plains States, where the fall was as a rule below 
the seasonal average. In the Rocky Mountains Region 
and westward the precipitation was generally consider- 
ably below the normal, with little or no rain in extreme 
southwestern Texas and the southern portions of Cali- 
fornia, Arizona, and New Mexico. 


RELATIVE HUMIDITY. 


In general the relative humidity conformed to the tem- 
perature conditions, and there was a very general increase 
above the normal in the regions with negative tempera- 
ture departures. The excess was particularly marked over 
the southeastern States and in the central Plains Region. 
From the Dakotas and Nebraska eastward the relative 
humidity was generally below the normal, and a well- 
marked deficiency was also observed over the Pacific 
Coast States. 

GENERAL SUMMARY. 


Farm work made good progress during the first decade 
but throughout the remainder of the month was some- 
what retarded by frequent rains in most central and east- 
ern districts. The weather of this April was generally 
too cold and wet for satisfactory progress of corn and 
cotton, and in a few sections these crops were consid- 
erably damaged. On the other hand, cool and moist 
weather favored winter wheat, and that crop made excel- 
lent progress almost everywhere. Other grain crops were 
likewise benefited. Some early truck crops were dam- 

ed in exposed sections by the low temperature, yet as a 
whole they made good progress — the month. 

Meadows and pastures progressed favorably except in 
the far Southwest, where damage resulted from lack of 
moisture. Live stock was generally in good condition, 
although some losses of unprotected young stock occurred 
in the northern Rocky Mountains district.'. Frosts and 
low temperature injured early fruits in portions of the 
southern Appalachian Region, the Ohio and lower Mis- 
souri Valleys, and in the Rocky Mountain and Pacific 
Coast States, and peaches were found to be badly winter- 
killed from the central Mississippi Valley northeastward. 
However, as a whole, the aaa oatlodk for fruit at the 
end of the month was pe 


‘ Compare report on stock-warnings by San Francisco forecast district, above, p. 184. 
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Average accumulated departures for April, 1918. 


Temperature. | Precipitation, | Cloudr 
| 
| o ajo”. | ed 
Districts. 8. | 23 
| | 58 | | cf | | of 
°F.) ° F.|° F.| In. | In. | In. }0-10.| P.et, 
New England........ 44.2) +0.6)— 9.3) 2.97) 0.00|\—3. 5.4; —0.2) 72; —2 
Middle Atlantic... 60.6 —0.1\— 3.71 6.5 +12 +4 
South Atlantic... 60.5] ~0.8)4- 5.35|41 6.1) 41.9 7%] +6 
Florida Peninsula....| 73.8) +0.24+ 4.3, 3.004110 2.20) 3.4) —0.3 73) 
ast Gulf............ 62.7| ~2.0'4 3.8! 832|44.20 64, 41.4 76 +4 
West 64.4) 5.80/42. 40)-2.30, 5.3) +02 
Ohio Valley and Ten- | 
52. 6) 24° 5.4) 7.0) +1.6 +4 
Upper Lakes... 39.9} ~1.1/~ 6.9] 2.21|-0.20) 0.00, 5.2) —0.5) -2 
North Dakota........ 42.2) +1.5,+15.6 5.0) —0.2! 
Mississippi 
46.4) ~4.1/— 3.8 5.7) +0.4) 
Missouri Valley... 47.0, 2.7| 2.90; 5.5} +0.2| 
Northern slope....... 3.1/4 42] 6.4) +1.3 +6 
Middle slope......... —5.3|— 0.9! 5.6) +0.9) +6 
Southern slope....... —0.9/+ 5.1) 0.55) -0. 3.8) —0.6. 
Southern Plateau..... 60.5, —0.5)4+ 1.4 0.13/—0. 0. 2.4) —0.4) 0 
Middle Plateau... 46.8, —2.1/4 1.2) 3.9) —0.21 
Northern Plateau..... 48.4; —0.6/+ 9.3; 0.50/-0.80|-1.10 4.5, —0.3 
| } 
North Pacific......... 49.9, +0.84 5.7; 1.202.201 0.00, 4.8) —1.4 
Middle Pacific. 3. +1.714 2.71 —1.5 
South Paeific......... 60.5} +2.4)+ 0..05|—1. 00] +2 3.5) —0.3) =—6 


WEATHER CONDITIONS OVER THE NORTH ATLANTIC 
OCEAN DURING APRIL, 1917. 


The data presented are for April, 1917, and comparison 
and study of the same should be in connection with those 
a ing in the Review for that month. 

‘hart (xtvi—39) shows for April, 1917, the princi- 
pal storm tracks and the averages of pressure, air tem- 
perature, water surface temperature, and prevailing 
direction of the wind at 7 a. m. 75th meridian time 
(Greenwich mean noon). Notes on the locations and 
courses of the more severe storms of the month are 
included in the following general summary. 


PRESSURE. 


The distribution of the average pressure for the month 
as shown on Chart IX, differed from the normal in several 
respects. ‘The Atlantic HigH was about 15 degrees north 
of its usual position, as the crest of 30.1 inches was near 
latitude 49°, longitude 21°. A Low of 29.65 inches 
was in the vicinity of the Scandinavian Peninsula and 
a second area of low pressure of less intensity was cen- 
tral near latitude 42°, longitude 47°. The pressure 
changes from day to day were quite marked m the 
northern waters, and the means for the three decades of 
the month differed considerably in some localities, as 
shown in the following table. This table gives for a 
number of selected 5-degree squares the mean pressure 
for each of the three decades of the month, as well as the 
highest and lowest individual readings reported within 
the respective squares. 
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Pressure over the North Atlantic ocean during April, 1917, by 5-degree 
squares. 
Position of 5-degree | 
squares. Decade means. Extremes. 
Highest. Lowest 
Latitude.| | I I 
tude. Pres- Pres 
Date. cure Date. 
3 ° Inches. | Inches. | Inches. | Inches. | April. | Inches. | April. 
60-65 N | 20-25W! 29.86] 29.94! 30.06] 30.43 24| 29.55 8 
60-65N | 5-10W| 29.62] 29.70] 30.04] 30.42 29.20 9 
60-65N | 5-10 E| 29.50] 29.55) 29.99/ 30.32] 22,25| 29.00 9 
55-80 N | 35-40W!/ 29.99] 30.08) 30.06) 30.37 26| 29.64 31 
55-6ON | 0-5 E| 29.54] 29.64] 30.14] 30.49 23| 29.20 9 
50-55 N | 55-60W 29.88] 29.91] 29.94] 30.25 3] 29.48 8 
50-55 N | 25-30W | 29.99/ 30.23] 30.19] 30.41 26} 29.84 5 
50-55N| 5-10W| 29.68] 29.93] 30.38] 30.60 25} 29.40 2 
45-50 N | 65-70 W |} 29.87] 29.90] 30.03/ 30.25 26 | 29.20 10 
45-50 N | 35-40W! 29.84/ 30.15] 29.94] 30.38 16| 29.63 9 
45-50 N!}15-20W 30.00! 30.21; 30.26) 30.41 7| 29.86 2,3 
40-45 N | 55-60W | 29.73| 29.84] 29.86! 30.21 29. 48 8 
40-45N | 40-45W 29.59) 29.98) 29.76] 30.22 16! 29.43 3,5 
40-45 N | 25-30W | 29.93/ 30.27] 29.93! 30.45 16| 29.77 5 
40-45N | 5-10W] 29.95} 30.13} 30.08/ 30.41 17| 29.60, 2 
35,40N | 65-70 W!} 29.84) 29.96] 30.03} 30.31 18| 29.49 | 9 
35-40 N | 15-20W | 30.02/ 30.21| 30.01] 30.46 17| 29.90 | 1,2 
30-35 N | 75-80W | 30.04! 30.06] 30.01/ 30.39 29.63 if 
30-35 N | 50-55W| 29.80) 29.98] 29.94] 30.21 22 | 29.63 8 
30-35 N | 30-35W} 29.89) 30.11] 29.87) 30.37 16| 29.70 27 
25-30 N | 60-65 W | 30.04} 30.04} 30.00! 30.32 1} 29.75 7 
25-30 N | 20-25W | 29.98] 30.09] 29.95] 30.33 16| 29.80 28 
20-25 N | 45-50 W| 30.00} 3002! 29.95/ 30.18 18| 29.88 | 24 
15-20 N | 75-80W 29.99| 29.94! 29.95| 30.03 3,5| 29.84] 24 
15-20N | 29.99; 3003| 29.94 30. 10 18 | 29. 85 | 24 


The means and extreme values presented in the above 
table are based on the interpolated daily pressures for 
each square on the MS. daily synoptic charts of the North 
Atlantic Ocean compiled by the Marine Section of the 
Weather Bureau. 

GALES. 


The days on which gales occurred during the month 
was considerably less than usual, except over a small 
territory between the Azores and the Bermudas where 
the number was slightly above the normal. 

From April 2 to 6, 1917, a fairly well developed area 
of low pressure covered the region between the 35th and 
45th parallels and the 35th and 50th meridians. The 
movement of this Low was slight and irregular, and it 
reached its maximum intensity in the 4th, when wind 
velocities of 75 miles an hour were recorded near latitude 
35°, longitude 40°. On the 6th there was a second Low 
central near New York City, and while no heavy winds 
were reported between that point and Cape Hatteras, 
moderate gales occurred along the coast south of the 33d 
parallel. This disturbance drifted slowly eastward, and 
on the 8th the center was near latitude 42°, longitude 51° 
and moderate gales still prevailed over a limited area 
between the 50th meridian and the American coast. On 
the evening of the 6th a Low (J on Chart IX) was central 
near Amarillo, Tex., and by the evening of the 8th it had 
reached a point near Cape Hatteras. It then curved 
me ged toward the northeast, and on the morning of the 
9th the center was near latitude 38°, longitude 69°. 
Southerly gales of from 40 to 50 miles an hour prevailed 
in the eastern quadrants, and northerly winds of about 
the same velocity were reported along the American 
coast between New York and Charleston, S. C. 

On the 9th another disturbance was in the vicinity 
of the Scandinavian Peninsula, and northerly gales of 
75 miles an hour accompanied by snow were encoun- 


tered near the Faroe Islands, while off the Irish coast 
northwesterly winds of somewhat less force were also 
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reported. On the 10th tow J was central near Chat- 
ham, N. B., where the barometer reading was 29.08 
inches, and westerly to northwesterly gales, with snow, 
prevailed over a limited area between the 40th and 45th 
parallels. The Scandinavian Low remained practically 
stationary during the next 24 hours but decreasing in 
intensity, as on the 10th no winds of over 40 miles an 
hour were reported east of the 60th meridian. From the 
11th to the 20th an area of low pressure remained be- 
tween the 40th and 50th parallels and the 45th and 60th 
meridians; this moved slightly back and forth, increas- 
ing and decreasing in intensity from day to day, and on 
the 11th northwesterly gales of 40 miles an hour were 
recorded by vessels between the 68th meridian and the 
American coast. 

From the 12th to the 20th a Low of moderate intensity 
remained in the region between the American coast and 
the 40th meridian and the 40th and 55th parallels. Dur- 
ing this period reports of moderate gales were received 
from widely scattered points west of the 35th meridian, 
while over the remainder of the ocean the conditions were 
comparatively featureless with sluggish atmospheric cir- 
culation. ‘This area of low pressure drifted slowly east- 
ward, increasing in extent and decreasing in intensity, 
until on the 21st it was central near latitude 50°, longi- 
tude 35°. It then gradually filled in and from the 22d 
to the 27th there were no disturbances of any consequence 
recorded, while light to moderate winds prevailed over 
the entire ocean. 

From the 28th to the 30th there was a fairly well 
developed Low in the region between the 38th and the 
45th parallels and the 45th and 57th meridians; it 
none but slightly during that period, and moderate 
gales were encountered in its western quadrants. 


AIR TEMPERATURES. 


The mean monthly temperature of the air, as com- 
pared with the normal, differed considerably over the 
different divisions of the North Atlantic. In the waters 
adjacent to the European coast and north of the 45th 
parallel, and west of the 30th meridian, positive depart- 
tures of from 2° to 5° were the rule, while between the 
25th and 45th parallels the temperatures varied but 
little from the normal, being slightly above in the north 
and below in the south. South of the 25th parallel the 
departures ranged from 0° between the 15th and 25th 
meridians to —4° in the southern part of the Gulf of 
Mexico. 

The seasonal rise in temperature was quite marked in 
northern waters, and the daily fluctuations were also 
comparatively + ; the greatest range occurred in the 
square between latitude 50°-55°, longitude 50°-55°, 
where the thermometer read 29° F. on the 4th and 10th, 
and 47° F. on the 13th. 

The following table gives the temperature departures 
for the month at a number of Canadian and United 
States Weather Bureau stations on the Atlantic and 
Gulf coasts. 


°F, °F. 
St. Johns, N. F............ +3.0] Norfolk, Va...... +1.6 
+3.0 | Hatteras, N.C............. +1.2 
+2.9 | Charleston, 8. C............ 4+3.4 
—0.2 | Key West, Fla............ —0.6 
Boston, Mass............... —1.3 | Mobile, Ala... +0.6 
Nantucket, Mass........... —2.6 | New Orleans, La.......... +0.3 
Block Island, R. I......... —1.8 | Galveston, Tex............. -0.9 
New York, N. Y........... —0.9 | Corpus Christi, Tex......-. —0.1 
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WATER SURFACE TEMPERATURE. 


The mean monthly surface water temperature as com- 
pared with the normal, were about as variable as those of 
the air, especially north of the 40th parallel, and west of 
the 50th meridian. In the vicinity of the “cold wall,” 
or where the Labrador current and the Gulf Stream 
meet and where the daily fluctuations are usually large, 
the mean water temperature for the month was some- 
what above the normal. In the waters adjacent to the 
American coast the conditions were reversed, the nega- 
tive departures gradually decreasing from Halifax toward 
the Virginia Capes. In the waters adjacent to the 
European coast and in the vicinity of the Madeira Islands 
the temperatures were 1 to 3° higher than usual, while 
in mid-ocean south of the 30th parallel they were nearly 
normal. 

FOG. 


The number of days with fog is usually somewhat 
larger in April than in March. Off the Banks of New- 
foundland, however, where the maximum amount 
usually occurs, fog was reported during April, 1917, on 
2 days only, while the average percentage for that 
locality is from 35 to 40. 

Off the shoals of Nantucket and along the New England 
coast fog was reported on 4 days, which is only slightly 
below the normal, while in the steamer lanes it was com- 
paratively rare. Fog was observed on 3 days in the 
vicinity of the Azores, and on 1 day off the Virginia 
coast. 

HAIL AND SNOW. 


The amount of hail and snow was, as usual, less in 
April than in the previous month. During the month 
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under discussion both hail and snow were observed on 
3 days over the eastern part of the steamer lanes where 
the maximum amount occurred. They were not re- 
ported on more than 1 day in any 5° square west of the 
20th meridian. 


Winds of 50 mis./hr. (22.4 m./sec.) or over, during April, 1918. 


Veloc- | Direc- Veloc- | Direc- 
Station. Date. ity. | tion, Station. Date. ity. | tion. 
Mis./hr. Mis./hr. 
Bismarck, N. Dak.| 16 52 | w Nantucket, Mass. . 12 58 | ne. 
Block Island, R.I..} 11 56 | ne New York, N. Y...| 22 52 | nw. 
12 50 | ne. 23 50 | nw. 
Bulla 18 50 | sw. North Head, Wash. 1 52 | nw. 
22 53 | sw 8 56 | se. 
Canton, Ohio...... 18 13 56 | se. 
Corpus Christi, Tex} 29 64) n 4 60 | se. 
Devils Lake, N 7 65 | s. 
28 50 n. 28 53 | nw. 
Drexel, Nebr...... 28 50 | w. 
Evansville, Ind.... 1 51 | sw. 1 78 | nw. 
Fort Smith, Ark...| 16 58 | w. 2 70 | nw. 
Hatteras, N. C..... 26 62 | e. 10 62 | nw. 
27 54 | n. ll 61 | nw. 
Little Rock, Ark... 16 52 | w. 12 67 | nw. 
Jacksonville, Fla... a 58 | w. 13 62 | nw. 
Kansas City, Mo...) 15 55 | e. 14 70 | nw. 
— ‘enn.... 3 50 | nw. 15 66 | nw. 
_ eee 17 52 | nw. 23 50 | nw. 
Do 52 | sw. 30 54 | nw. 
Mobile, Ala 58 | sw. 5 55 | w. 
Modena, U 58 | s. 24 58 | w. 
Mt. Tamalpais, Cal. 62 | w. 10 55 | ne. 
Do 50 | nw. ll 56 | ne. 
Do 72 | nw. 12 53 | ne. 
Do. 72 | nw. 28 52] w. 
Do.. 74) nw. 29 59 | nw. 
Do.. 56 | ne, Tatoosh I., Wash.. 8 50} s. 
62 | nw. Toledo, Ohio.......| 17 50 | sw. 
Do 56 | nw. a ers 29 53 | sw. 
Do 56 | nw. Wilmington, N.C 26 60 | ne. 
Nantucket, Mass...) 11 54 | ne. 
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CONDENSED CLIMATOLOGICAL SUMMARY. 


AprIL, 


1918 


In the following table are given for the various sections lowest temperatures, the average precipitation, and the 
of the climatological service of the Weather Bureau the greatest and least monthly amounts are found by using 


monthly average temperature and total rainfall; the all trustworthy records available. 


stations reporting the highest and lowest temperatures, The mean departures from normal temperatures and 
with dates of occurrence; the stations reporting the precipitation are based only on records from stations 


reatest and least total ene coma and other data as that have 10 or more years of observations. Of course 
indicated by the several headings. the number of such records is smaller than the total 
The mean temperature for each section, the highest and number of stations. 
Condensed climatological summary of temperature and precipitation by sections, April, 1918. 
Temperature. Precipitation. 
oo 
Monthly extremes. |S | | Greatest monthly, | Least monthly. 
| | | | i = 
60.8 | —2.1 | Tuscaloosa.........- | 31] Valley Head........ 25! 10 || 7.60} +2.88! Citronelle........... | 12.68 | Goodwater.........- 3.41 
10; 21 || 0.12 | —0.37 | Young.............. | 0.86 | 34 stations........... 0.00 
Arkansas...........-..| 59.6 | —1.2 | Dardanelie..........| 96 | Gravette........ 251 10 7.63 5 | 14,34 | Gravette............ 2. 68 
—0.5 | 2stations............, 90] 20 Tamarack........... —- 5! 41) 0.79} Branscombe......... 0.00 
| 2) | 20 |) 1.54 | Silver Lake......... | 7.59 | Dove Creek......... 
| 69.1 | —0.9 | Clermont............ 96 | 29) Garniers (near 28 | 12 || 5.35 | Pensacola........... 13.90 | Boca Grande........ 0.39 
Georgia......- 61.7 {| —1.4 Statesboro.......... 2stations...... 28 | 5.60 | 10.15 | Lumber City........ 2.00 
Hawali (for March)...., 67.2 | —0.8 | Mahukona.......... | 87 | 13 | Glenwood........... 40 2 |\13. 64 Eke Maui...........| 60.50 Mahukons.......... 1.53 
Idaho......-.- 44.2 | —1.5 | | 85 | 30) Bonanza............ — 6! 3]! 0.87 Whitebird.......... 2 0.00 
47.9 | —4.1 | Equality............ | 16) Mt. Carroll.......... 21; 5.30| | 2.06 
Indiana...... 48.9 —3.2 Vincennes........... | 84; 16 | Veedersburg........ 20; 4.16 1.98 
44.8| —3.9  2stations............. 1 | Lake Park..........| 12} 8 || 232 4.20  Humboldt.......... | 1.01 
48.6 | —5.4  3stations............| 9} 21 3 stations............] 20 3.18 6.30 New Ulysses........; 0.79 
53.9 | —2.0  Greenville......... 87 3) Cherokee Park...... 4,07 7.75 | Lexington........... 2.09 
| 98| 2stations............) 29] 111! 7.07 New Orleans No. 2..) 11.24 | Robeline............ $.45 
Maryland-Delaware ... 51.2 | —1.2 | Salisbury, Md..... 83. 18 | Deek Park, Md.. 15; 51) 5.69 Che'tenham, Md....| 10.10 | Dar’ington, Md..... | 2.72 
41.1 | —2.0 | 4stations............| 7 — 4 19 || 1.97 | 3.18 | Humbo'dt.......... 0.77 
Minnesota......--.---. 41.8 | —1.5 | Moose Lake......... 78; 15 Grand Rap 2} 23 1.79 Park Rapids........ 3.15 | State Sanatorium...; 0.00 
62.8 | —1.7 | Moorhead.... | 92; 3] 2stations............ 28 | 12); 7.80 | Pearlington......... cine von 2.70 
50.8 | —4.4] Warsaw............. 19; 114) 5.10 12.14; Tarkio...... 1.64 
40.6 | —1.5 | Boulder.............| 88 | Glacier Park...... 8 1.06 4.23 | Blackleaf............ 0.08 
46.4 | —1.6  Logandale...........! 92 | 30! Marlette Lake....... $8! 3 0.38 Eureka........ 1.45 | 4stations............| 0.00 
New England.......-. 44.1 | +0.9 | 3stations............! 80 | 304) Patten, Me.......... 5! 181283 Kingston, R. 1...... 5.60 | Enosburg Falls, Vt..; 0.91 
New Mexico........... | 49.8; —1.9 Artesia.............. 94; Winsors............. 4; 0.45 Des Moines..........| 3.15 | 24 stations...........] 0.00 
44.8 | +0.5! Oneonta............ 11! North Lake (4)......; 11] 3.00 Mohonk Lake....... 0.51 
North Carolina......../ 55.9 | —1.5 4 stations....... 89; 20 6! 6.37 Lumberton......... 13.74 | Asheville..... 2.74 
North Dakota......... | 41.4} —0.3 | Sanish............ 2.14 Wahpeton.......... | 3.69] Bottineau........... 0.75 
| 33 2) Sstations............ 1s | 5113.23 5.62 | Danbury............ 1, 21 
56.1 | —4.0| Sallisaw............. | 2stations............) 25] 3.26 Broken Bow........ | 90,92 | 0.92 
48.1 —1.0 | Stanfield............ 89 | O}] 0. 97 | 4.49} 4stations............ 
Pennsvlivania.......... | 48.2 | —0.4 | Gettysburg.... -| 81 | Somerset............ 12| 51 453 25 | Bloserville..........) 1.84 
75.4 | +0.1 | 2stations............| 98 Aibonito............ 51; 14) 3.62 .35 | Inabon Falis........ | 9.00 Hac. Isidora........ 0. 82 
South Carolina .......- 61.0 | —1.3 Oaks................ 2B] 42:96 | | 15.41 | Charleston.......... 2. 49 
South Dakota. .... -.--| 42.1 —3.5 | Mobridge (2)....... | 25 Cottonwood......... 7! 412.73 | 7.82 | Camp Crook......... 0. 
a | 57.2 | —1.0 | 2stations............| 90 3 | Mountain City...... | 21; 51]| 5.68; +1.08 | Sewanee............ | 10.16 | Johnson City........ 2. 56 
| 65.1 | —0.8] Encinal............. 20; 6 3.99 +1.03] Palestine............ | 11,24 0.00 
Utah. | 44.5 —2.8 | Springdale. . 88 | 23! Blacks Fork......... 0.77. —0,41 | 2561 | 3stations............1 0.00 
| 52.6 | —1.6 | 3 stations.. & | Burkes Garden......; 19| 5 || 6.16 +2.90| Leeds Manor........ | 9.35 | Ivanhoe............. 2.49 
Washington. .... | 49.0) +0.4 | Wahluke --| 90; 20 | 2stations............. 9/ 31 0.93 | —1.21 | Paradise Inn........ | 5.62] Sstations............ 0.00 
West Virginia 50.3 | —1.2 Bancroft............ 21 18) 5.11 | +1.54| Rommey............ 1. 88 
40.5 | —3.5 | Oshkosh............ Asnland............. | 18 2.14 ~-0.24 Reedsburg........ Deerskin Dam...... 0. 56 
| 35.0 —5.8 | Newcastle........... j-17 | 20 2.14 +0.44 | Crow Hill........... | 7.28] Elk Mountain....... 0. 30 


t Other dates also. 


DESCRIPTION OF TABLES AND CHARTS. 
(See the Review for January, 1918, p. 48.) 
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TaBLE I.—Climatological data for Weather Bureau Stations, April, 1918. 


1918. 
Pressure Temperature of the air. 
5 & & 
Districts and stations. 22 | £2 | Els 
Ele le la 
2 is le 3 
aH it | A 1A 
In. “Err: 
New Engiand. +0. 6) 
30. 04)+-0. 11 +0. 4) 63} 23) 46; 22) 18 
Greenville, Me........ 71) 28) 52; 16) 10 
Portiand, Me....... 30.07/11 —0.1| 71] 23] 51} 26) 18 
30. 06'+ .07 +0. 6} 78) 30) 56) 23) 20 
Burlington 30. 08\+ .0.) 42.5) +1.8) 73) 28) 52) 17) 10 
30. 08}+- 41.0) +0.8) 71) 28) 53) 17) 20 
30. . 08 +2.5) 76) 1) 56) 5 
Nantucket............ 30.05\+ 06 —0. 8} 63 15) 49! 32) 
Block Island.......... 30. .05 —0. 4} 62) 17) 32) 4 
Providence. .......... 30. 041 +0.6| 21 301 5 
30.04/+ .05 +1.3) 75; 2) 58) 30) & 
Now 30.04)+ .05 +1. 4) 75) 2) 56) 31) 12) 
Middle Atlantic States. —0.1 
30. 05) +-0. 05 +0. 8} 74] 28) 57) 24] 10 
Binghamton.........- 30. .0, +1.6) 75) 1) 56) 25) 5 
30.03\+ .0 +1. 7) 76} 2) 58} 30) 11 
30. . 02 —0.7) 77) 2) 59} 30) 9 
Philadsiphia.......-... 30. OL 00 +1.4) 76) 2) 6t; 32) 11 
| 78} 2) 60} 32) 5 
30.051+ .04| 48.1] +1.0) 75) 1] 58) 28) 5 
Atlantic City. ........ 30. 02)-+ .02 77} 2) 54) 32) 
30. 04)+ .05, +0.%) 78) 2) 56) 34) 5 
$0. 03)......) 76) 2, 31) 11 
30. 02/4 .01 0.0} 80) 17; 61) 33) 11 
Washington........... 30.02) .00, +0.1) 81) 17; 63) 31] 6 
Lynthburg..........-. 30. . 02, —2.:| 79) 2) 64) 23) 6 
. OL) +0. 4] 81) 17) 65; 34) 12 
30.01;— . 01) —2. 5} 80) 17) 65) 32) 11 
Wythoville........... 30.01;/— .02 —3. 4] 74) 24] 57; 26) 10 
South Atlantic States. —0.8 
30. 00|\—0. 03 —1. 4} 79) 24) 62) 28) 10 
oc 30. .03 —1.8) 8 | 2) 67; 37) 6 
— 23.97\— . —1.0) 73 38 
Raleigh. ....... —2.0) 85) 3] 67; 32) 
Wilmington........... 23. .04 +0.8) 8 | 70) 36) 12 
23. 98|— .05 —0. 3} 8 | 21) 71) 43) 12 
Co!umbia, §.C........ 29. 99\— .04 —1. 2) 84) 3] 70) 37) 12 
Greenville, 8. C....... 82; 4) 65) 36) 12 
29. . 06 5; 86; 4) 72) 36) 12 
22. 98\— . 05 +0.3} 88) 4) 38} 12 
Jacksonville........... . 05) —0.6) 86, 2 | 74; 42) 12 
Florida Peninsula. +0.2 
28. 96) —0. 06 +1. 2) 86) 27) 82; 64) 14 
iami..... —0. 6} 83) 26) 80) 49) 13 
Sand Key..........+. .95|— 75.6...... | 27) 78} 66) 11 
.08 +0. 6) 87) 27) 80, 46} 11 
East Gulf States. —2.0 
| 28. 74] 29. 98) —0. 05 —3.2) 80 3) 66) 31] 11 
29. 58} 29. 98) — . 08 —0.7| 85) 16 72) 37| 12 
29. 67 .06 —2.2) 83} 3) 74) 35) 11 
29. 90) 29.96'— .06 —4.1) 75) 3] 69) 38) 12 
29. 18} 29. .05 —1. 4) 82) 3] 69) 30) 12 
Birmingham.......... 29. 22} 29.99|— .0; —3.1) 85) 3; 70} 31) 12 
29.90} 29.96)— .06 —1.2) 83) 3! 72) 38) 11 
29. 72 .05 —2.6) 85! 3] 71) 35) 11 
Meridian.......... 29. 96'— . 06 —1.9) 87) 72) 32) 12 
Vicksburg......... 29. 98|— . 02; —1.0} 85) 2] 73) 39) 10 
New Orleans.......... 29.95) .05 —0.1| 86; 4] 75) 45) 10 
West Gulf States. —1.4 
Shreveport............ 29. 67) 29. 94/—0.03 —2.0) 88! 2) 74) 40} 21 
28. 55) 29.92;— .04 —2.7| 87, 2) 65) 30) 10 
Forth Smith.......... 29. 44) .04 —1.8} 92) 2) 70) 36) 21 
Corpu; Christie........ 29.87) 29.89|— .06' —0.1) 92 17] 75) 53) 11 
Fort Worth 29.18} 29.89|— .05 —1.9| 94) 2) 75) 39) 21 
29.87) 29.93)— .04 —0.4 $3) 17| 73} 47] 10, 64 
Houston... '| 29.77] 29.92)...... —1.1] 89} 2} 76] 44] 10 61 
29.39) 29.92 — .04 —1.9) 90, 3) 73} 40) 10 53 
Port Arthur........... 29. 88) 29.92)......| 66.8)...... 81) 25) 73} 3°) 10, 60 
San Antonio.......... 29. 16) 29.88}— .05 —0. 1) 96; 79) +47; 10, 59 
29. 32) 29.93/— .02 —1.9' 90; 3] 76) 40! 11! 55) 


dew pint. 


Mean wet thermometer. 
Mean temperature of the 


xz | Mean relative humidity. 


ols 


= 


Wind. 
& velocity. 
3 
| & | les! 2 
| n 5 | & 
& iA IA & A 
In. / 
2.97 
2.10: 13 
1. 66 14 
2. 70 12) 
2. 26 17 
1.67 9 
2. 28) 12 
3. 08 11 
3.84 ll 
3. 41 
4.9 14 
3.74 8 
3. 36 10 
4. 26) 10 
4. 63 
2. 48 14 
3.97 7 
3. 78 5 
4.74 4 
4.42 7 
5. 02 6 
3.98} +1.3 7 
4.5] +1.5 5 
2.94) 0.0) 7 
3. 4€ 5 
3.28] 0.0 8 
6.7 | +3.5 4 
6. +3.3 7 
4.97} +1.8 5 
4.81) +1.0 8 
8.02) +4.6 5 
+0.1 8 
+1.9 
2.74) —1.3 35] e. 3 
5.47) +1.4 26) w. 3} 4 
5.34) +0. 9) 62) e. 26) 6 
6.96) +3. 5) 33] ne. 9 «6 
6.25) +3.4 60) ne. 10 
—0.5 47| e. 11 
7.2 4 33) n 3} 8 
4, 84 38] nw. 3} 5 
4. 80) 24) se. H| 5 
4. 38) 9 
5. 96) 58) W. 4} 10) 
3 42) sw. | 19 
9 e. 6) 15 
4 44) w. 7 
5 sw. 9 
8, 706 38] nw. 9 
3} 4,881 26; nw. | 28 
3,443 31) sw. 28 
9, 75° 65) s 7 
4,827 24] n. 9 
5, 780 36) se. 6 
7,677 58| sw. 7 
5,316 2] 
32) n. 7 11 
34] se. 16) 6 
25) nw. 6; 10 
36] w. 5) 14 
28) se. 15) 16 
58} w. 16} 1 
52) w. 16) 13 
64) n. 29) 7 
40) ne. 5) 7 
se. 14) 11 
39) se. 19} 10 
31) n. 8 
42 nw. | 24) 6 
55) w 5) 10 
n. 16 
37| nw. 5) 11 


month. 


Snow on ground at end of |» 


| Partly cloudy days. 
| Average cloudiness. 


| Total snowfall. 


| Cloudy days. 
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72 a 

| 34) 2a] 73 

| 42) 37] 72) 

| 40 37) 85 

38} 88 

40, 33) 65 

41} 33] 63 

| 42 69 

| 

| 40| 22} 63 4| 12) 

| 43) 35) 63 10} 15) 

| 43) 36) 65 13} 13] 

43, 35) 61 16] 

| 43) 39) 7 9 14) 

| 44 41) 81 11} 14] 

| 43) 40) 79 12) 13 

44) 38) 70 14 

| 46) 40) 66 14) 12) Rainey 

| 47) 41) 68 10) 13} 

47| 43) 73 11} 14) 

50, 46) 75 9} 13) 

| 49) 44] 74 9} 16) 

| 44) 41) 78 10} 12) 

| | | 

| 46 73 14] 13] 

| 51 74 1)| 15 

gi ¢ 

| 52} 49) 79 15 

| 51} 76 10 19) 
| 58} 55) 79 8} 11] 
| 54 74 14 
| 74 1°] 12} 
| 56; 53) 77 16) 
| 54) 78 ¢} 12) 
| 60, 57 15} 7 

| | 
69 71 6} 

| 67] 64) 73 10 
70| 67) 75 4] 4! 

63 74 15) 

76 

52} 48) 74 5 

55) 70 6) 19) 

58} 54] 76 10] 15) 

61) 58) 85 12) 15 

53] 12) 14 

60} 57) 17| 10) 

| 56) 51 72\ 11) 14| 

56} 5° 11] 8 

63| 61| 84 10} 10) 

56} 51] 68 8| 4. 

52} 47| 70) 10) 4. 

| 52) 46 10 5. 

66) 63) 82) 15 

55} 50| 68) 12; 7 
63) 53} 75) 8| 12 = 

58} 55) 78) 9| 15 

59) 53 85, | 4) 10) 
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TABLE I.—Climatological data for Weather Bureau Stations, A pril, 1918—Continued. 


Elevation of | | 
instruments. | Pressure. Temperature of the air. | ' | Precipitation. , Wind. } ss 
2 2 =f = | ie | = Ss 5 | Maximum 
| Ft.| Ft.) Ft. In, | In, ORF) % | In. | In. | Ailes, 
Ohio Valicy ani | j 
| | | 52.6) | | 70, 4.18) +0.6 7.0 
Chattanooga... . .| 762) 189) 213) 29, 18) 29. 99|-0.04) 57.8) —2.2) 92) 2) 66) 33! a1! 50 28) 5 1 7 +3.7| 7,423] s 7.31 T 
996) 102) 111; 28.92) 29.97|— .06 57 —O. 4) 79) 25, 66) 32 10 33 27 +0 5 36 33 isl is r | 
Momphis..............| 399} 76) 97, 29.56, 29.98! 60.0 —1.8) 87) 2 69| 33! 9 33! 531 481 71 0.3, 121 7052. 7 eal | 
Nashviile..... 246) 163) 191) 29. 40) 29.99|— .02) 57.0) —2.1) 83) 3) 66} 31) 10! 48! 30! 50! 6 3.39 1.0; 12) 8 491 1 
989} 193) 230) 28.91) 29.99/— .03) 51.81 —1.9) 75; 2) 60! 26) 10. 43) 27 2. 00 2 18/11, 422 2 
Louisville.............| 25] 319) 255) 29. 42} 30.00|— 53.2} —3.0! 78| 271 10! 45} 26; 47) 2521 gol | 12,62 
431) 139) 175, 29. 52) 53.0] —3. 4) 80] 16, 61] 251 10, 45, 28) 471 42 69, 35.26 41.8, 161 9°977 ne ew. | al oe 
Indianapolis........../ 822} 194) 230 29.10) 30.00; 00, 48.9} —3.5) 2! 571 27/10: 40; 26, 37/ 68 5.36 41.9) 120,614 ne sw 
Terre Haute.......... | 75} 96) 129, 29.35} 29.98)... | 80} 16) 5S} 25! 10) 41) 29! 45} 41, 77) 6.24 17| 8,757 $7 "9 oa 
Cincinnati... .. 628) 11) 51) 29.31) 30.00|\— 01, 50.9) 77] 2; 60] 25 10 42° 31; 45 40; 71) 3.38 4004 141 77792 7] 5 
824) 173] 222) 29.13] 30.01/— ‘oi! 49.41 74] 2 58} 101 41) 23 431 371 66 2.80 1410/47) se nw 7 8 
Dayton. 399} 181) 216) 29.01) 29.97)— .05) 49.4) —2.3) 74] 2) 58} 27] 10; 40) 31) 44] 38 72) 3.40 40.5) 13 9, 952 42 
$42) 353) 410) 29.11) 30. 02; .00 19. 3] —1.7| 74} 58} 27, 10) 40; 30; 43) 36 65; 2.73; —0.2, 17] 9,169 $8 | 4 ai 
Elkins. .... 1,9401 59! 67) 27. 95| 30.02! 46.7| —2.0) 71! 571 36, 40, 421 37 | io a 
Parkersburg..........4 638 84) 29. 36) 30.02}— . -O1) 51. 6) —1.4) 77) 61) 2s) 10} 42) 34) 45; 40) 4, +1.6 se. 26) sw. | 17 6 6) 18 7. 1| 8.7 
Lower Lakes Region. | 4.6 68 2.25) -0.1 | 
Buflalo. 767) 247} 280 29. 20} 30. 05)+-0. 04) 42. 4] 4-0.1) 73) 28) 50} 24) 10) 35) 32) 37) w 7] 15) 5 
Oswego.............-. 76} 91) 29.68) 30.05/+ .04) 42.4) —0.8| 73) 22) 35, 37] 32) —0.2 13 ne. | aéine. | 9 
Rochester.........- -| 523! 97] 113] 29. 48) 30.07/4 .06) 44.91 +1.0] 75, 29! 54] 24! 9, 36, 28) 351 30 62 2011 161 6394 sv 8 
Syracuse............. 97] 113) 29. 12) 30. 07/4. 45.6) +1.2! 73] 28) 54] 22) 37) 32)... "| 2.63 40.41 12] 7°805) nw. | rte | 7115 
714; 130! 166} 29. 25) 30.03!4 45.2) +0.7| 28 53} 25] 9) 37) 31) 30) 33! 66 4004 ne | 
762) 190) 201) 29. 20 30.03! 4- . 01! 45.8) —0.2 70) 28 53! 27} 10) 38) 3l 40) | 2. 55} +0.2 254 49) 7 it i 
Sandusky.............} 62! 62} 103] 29.33) 30.02} 45.9 —1.4/ 71/ 29! 54! 26] 38! 36: #2, 1.301 12, 64) 1.7 0.0 
623] 205; 243] 29. 34) 30.0314 45.5 —1.8) 70) 541 241 37] 401 34) 69, 2.43} 40.2) 15112°205/ ew. | 6 10) 6.3 
Fort Wayne..........| 856 124) 23. 03 30. 02)... .. 46. 1 —3.2 75) 16 56} 24) 10} 37; 33) 40) 35: 70; 2.00)...... 15} 8, S810 ne. 4 SW, 29 6) 9115 6 5 te 
245) 29. 24) 30. 04) + -02) 44.6 —0.9, 68) 15 53) 23) 9) 36; 32) 32) 68 2.30) 0.0) 13) 9,995. e. | 39) w. 29) 6 13! 11! 6.0! 0.6) 0.0 
Upper Lakes Region. i | 39.9 —1.1) | | | 69 2.21) —0.2 | 5 2 
Alpena... . 602! 13! 92} 29.39) 30.07] +0. 38. 0) 0.0 65' 15, 13) 30; 29! 33) 27! 66 2 én ol 
Eseanaba.............| 612) 54] 60} 29. 39] 30. 36.6) —0.6) 58: 45! 191 28 74 a asa 1 
Grand Haven. .......| 632 54] 921 29.341 30-0314 41.4] 50 9 33 acl ay | 10} 812; 
Grand Rapids........., 707) 70) 87] 29.25) 30.04)/+ 44.0) —2.2: 73] 16! 54) 22) 9) 34, 36 39 66, 2.22 —0.2 i4 9.4) 0.3) 0.0 
Houghton.............! 684) 62} 99) 29.31] 30.05!4 .03) 37.2! +0.3/ 66) 47) 15, 27! 1.67, ~0.4) 10 7,722 46 13 
Lansing........ 878) 11] 29.08} 30.03]...... | 42.4] —3.2) 15, 53] 22] 9! 32) 38; 38) 72° 1.97) 18 4.895 ni Ral 7 
Ludington........ --| 637) 60} 66) 29.33) 30.04)...... 40.2)......) 64) 26 49) 21) 10! 31) 33! 351 67! 2.60......| 9 77287 | oe 
Marquette.......... ..| 734) 77] 111] 29. 27} 30. 09}4- 207) 37.5) 0.0, 65) 14| 45; 17| 81 26! 33) 261 65) 1.37 0.6 111 6934 ul sw.,| 
Port Huron.........-. $38; 70} 120) 29. 33] 30.04/+ 41. 4! —0.8! 67| 15, 50, 22) 9 32) 37] 32) 72 2:31! 14, | | 4200 
| 641 45) 82} 29. 34} 30. 04! | 73} 15) 52) 21) 19) 32! 34) 37] 31) 1.69 —1.0) 14 8,167 10) | 99 6 al + 
Sanit Ste. Marie...... 614) 11} 61) 29.37) 30. + 05) 37.6} +1.9| 15, 16) 28) 38) 3:! 28 711 6876 
Chicago............-- ‘| $23 140; 310] 29. 13! 3} 44.0! —1.9; 76! 16 50} 29! 38 241 331 69! 3.411 40.5) 14110°474 
Green Bay............ 617, 109] 144| 29. 36! 30.0314 40.6 —0.11 69 14 49 22 19] 391 34) 351 651 244 ne. | | a Sil 
681) 119] 133} 29. 25) 41.2! —0.6| 70 47; 28) 35 20) 37] 34] 781 3.151 +0.4' 131 8/267 ne. | i 12) 
1,133) 47] 28.80) 30.04)+ -03) 36.3) 61) 25) 45, 11) 8 29) 22} 60) 2.02 —0.1/ 6 9,200 me. | 45) ne. | 28,18) 5, 7} 3.6) 5.6 0.0 
North Dakota. | | | 63) 2.46 5.0 
Moorhead. .._. 940 57] 28.98; 30.02)+0.03| 42.6) +1.2) 72: 25 56) 14) 231 29) 42) 36 2.63! +0.3 i21/ se 36] nw. | 5| 3.1) 
1,674 57] 28.20) + -O4 43.0} +0.4' 72 25) 54) 16) 391 213 10 10,077 Siw. | 
Devils 11] 44] 28.381 29. 98|— 41.2) +3.0) 73; 131 53; 141 301 34] 281 cos) me 
Ellendale. 457 10) 56) 28.41) 29.99)....../ 41.2)....../ 72, 13] 53) 15 20) 4235 27, 84 2.46 | 713,77 | | 28/1013 
| | | 6 2. 46)... .. 713,777) s. 68) n. 28; 10 12; 5.2) 43°00 
Williston... . 41) 48) 27 96, 29. 41.9 41.4, 75 13) 53 31) 37] 35] 28) 62; 2.22 6 8,130) ii] nw. | 21, 7/13 10 6.0; T. 
U pper Mississippi | 
Valley. | 46.4, } j 3.17; +0.2 | 5.7 
Minnea olis...........| 918} 10! 2081 28.99) 29. 981... .. | 70: 14] 55, 21] 34) | 0.91, 1.5 | ly 
837, 201| 236] 29.10) 30. 02|+0.03 68) 14] 54) 22) 8} 33] 0.94 ase. | 1813; tal 
Lac rosse.............] 48 29.24; 30.03]4 .04) 43.5) —3.8) 70 15,54 24, 41 33; 1.70, —0.6 sw. | 93 151 4111 481 
974) 78 28.97) 30.0414 41.6; —2.9| 67/ 15, 50 24) 9) 331 G6) 2.63) +0.2 | tei 
Wansau......... afl, 247] 28.67; 30.03]...... | 39.9}......| 68] 14) 51) 19) 9) 28} 191 asl oe 
Charles 10) 49} 28.93) 30.02]+ .04) 43.1) —3.2) 68) 1) 54) 2211) 32, 38) 37] 29163, 1.99! “ate 
Davenport............| 606 71) 79) 29.35) 30.01/+ 45.6) —4.6 72, 1) 54) 27) 37] 2s! 33 66, 2.32) —0.6) il sw. | 20 71151611 
Des Moines............ S61) 84 97) 29.08) 30.00/+ 46.8) —3.8) 75; 1) 56) 27; 37) 41] 30) 58) 1.81) asi w. | 7115 tet 
Duvuque..... -----| 695) 81) 96) 29. 28) 30. 44.2} —4.7) 69) 1] 53) 27) 9, 3531 25 38! 30] 62; 2.16 —0.8) 24) 10 
14] 64) 78) 29.32) 3000/4 47.0! —5.0| 55) 41/ 361 266) —0.71 sal sw. | 29) 912 
87) 93] 29.57) 29. 54.8} ~3.5) 80, 30 9! 46) 26) 49] 44) 71, 42.6) + 7 
Peoria............... -| 11) 45] 29.34) 30. 01/4 45.8; —5.1) 16, 55, 28, 9] 37] 34! 41! 37] 75 3.70! 40.4! al sw. | 7 eal | 
Spring‘ield, 644) 10, 91] 29.30) 29.95; 47.3] —4.2/ 78) 16] 56 27 10) 39] 36) 42) 371 71, 5.191 41.91 sw. | 991 3} ial 0:0 
Hannibal. 534, 199] 29.40! 29.98! 00) 48.4) —5.2) 77) 1) 57) 28, 10) 40) 4.40 sw. | 2 isles OO 
567; 265) 303} 29. 36; 29.97) 51.2} ~4.9) 16) 58) 30] 10 44) 30, 45) 39) 68) 7.09, 45) w. 2} 7,12, 11,66 T. | 0.0 
Missouri Valley. —3.4 | | | 62) 29 | j | 
Columbia, Mo......... 781, 84] 29.12 49.41 -4.9 83, 2} 58 10) 41) 7,202 ne 7 12! 
City 29.98 + 49.3) —5.0 78, 1) 58 31, 24) 41, 30) dil sal en | as asi sl 
67, 11 4| 30.00)...... | 49.0)...... 79 1! 59) 30) 11) 39) 38) 40) 31) 57 11) 18) 
28. 29.94|~ "03, 51.3, —3.9 86 61) 30, 10 45 6), 4.25 19] ne aise | 34) 0.20.0 
| 29.95)... | 61.7] —2.5 344| ne. | 512 71151 T. 0. 
Linesin............... 1,189, 11) 84] 28.71! 30.004 46.9) —3.8 72| 58| 25] 11) 36 60 1.89 8'433\ se. | nw.| 28 
Omaha............-.. 1, 105, 115, 122} 28.82) 30.01/+ .05| 47.4! —3.1| 71) 1) 29| 8| 33} 29) 31] 57, 1.57\ 9 7015 se. | 212 eal oa 
Valentine............. 47| 27.26] 30.01|4 .07| 41.4] —4.0 78 251 31/ 431 361 30 70 240 +0.1) 11] nw. | 6 
Sioux City. 1,135 94] 164] 28.78) 30.02/4- .07| 45.5] —3.0, 67 55, 23) 4| 36 32) 381 60 1.55) —1.2 710,556 se. | 50 nw. | 911 oe 
1,306, 74| 28.60) 30.02+ 42.0} —2.6| 70 53, 31] 40) 27 61, 1.94 —0.7| se. | 48 | 8 10 
[1,572 70 75) 28.30] 29.99+ 45.2) —1.3, 80 25) 56 20, 34 42] 32] 2.60\ nw. | Soi me. | 10) 1258 oe 
ankton.......... .. 49) 57] 28.67) 30.00|+ 44.4) —3.0. 68; 13) 54) 34) 2.40! —-0.4) 7,570) nw. nw. | 20) 8 12 1.01 0.0 
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Taste I.—Climatological data for Weather Bureau Stations, April, 1918—Continued. 
| : | 
instruments. Pressure. | Temperature of the air. - Precipitation. Wind. Is i 
els |B 8 i 
le 2 Ki Sia Slaje 3 3 3 > = sio|S 15 
Ft.| Fe.| Ft.| In. | In. | In. | °F. oF °F. °F. %| In. | In. Miles In. |In 
Northern Slope. | 39.7) ~—3.1) 66, 1.86, +0.3 6.4 
Havre... 505| 44! 27.35] 30.02 +0.09) 42.8) +0.1) 77) 56) 15) 3 43 67} 0.35} —0.7| 5, 750; 5.3) 0.5 0.0 
Helena 4,110} 87 114) 25.78) 30.03 + .06) 40.4) —1.6 69} 30) 51| 12| 2 56) 0.57; —0.6, 8 6,558 6.8} 6.1) 0.0 
Kalispell 11) 34 26.92) 30.00+ .04| 42.6, +0.1/ 70) 20, 54) 17) 3 0.63) —0.4) 6, 4,746 4.6 T.| 0.0 
Miles City 48) 55) 27.46) 30.04)+ 44.0) —0.7| 78 9| 54) 23) 2 69| 1.67) +0.5) 6, 276 6.4) 0.8 0.0 i 
Rapid City 3/259] 50) 58, 26.56] 30.03 + 40.2) —3.3) 69) 13, 49) 18) 2 64) 2.87; +0.6, 11) 9,160 6.9} 13.7, 0.0 
Cheyenne. 16, 088} $4| 101| 23.91} 29.98 + 34.8] —6.8) 61] 10 44) 9) 24 73| 3.92} +2.1/ 9,962 7.6} 20.7 0.0 
Lander.... \5,372, 60, 68) 24.58) 30.01/+ .07) 36.6) —5.6) 66] 30) 3) 5 67} 2.62, +0.2) 11) 3,622 6.1) 22.0 0.0 i 
Sheridan.....--- 10) 26.09) 30.05,......| 37.2)...... 70} 30, 5) 5 74 3.74...... | 18) 5,345 7.2) 21.8 0.0 i 
Yellowstone Park...../6, 11} 48) 23.80} 30.02 + .05) 32.9) —4.1) 62) 9) 43 5 2 69]. 1.59) +0.2) 18) 6,034 6.3) 13.6 0.0 
North Platte...... 12,821} 11} 51) 27.06 30. 02, + 10) 42.7) --6.3) 70} 12) 53) 25) 3 67; 2.51 +0.4) 12) 7,593, 14) 6.6; 5.4, 0.0 
Middle Slope. 48.4) —5.3 4) 3.50) +0.3 | 
(5, 108, 113, 24.64) 29.94/+0.04) 42.6) ~5.1) 63} 9} 52, 22) 3 68| 2.71) +0.5 14) 6,268 12) 6.1) 0.0 
Pueblo...... 685] 86) 25. 20] 29.904 45.8} —4.7) 76) 23) 58 26) 4 62} 1.31] —0.1) 10) 5,279) 6.1) 2.4 0.0 
Concordia. . . 50) 58) 28.52) 30.01)+ 47.6 —6.0) 74| 1] 58} 27) 9 60} 3.51) 9 7,116 10| 6.3} 1.2) 0.0 
Dodge City... 5091 11! 51) 27.34] 29.96.+ .05) 47.8} —6.6) 74) 1] 58) 28) 6 70} 1.38] —0.5| 9,285 8| 4.7) 0.0) 0.0 
Wichita. .......- 1,358) 139, 158) 28. 50 29.94/4 .01) 50.8} —5.8! 76, 61] 31) 20 65| 4.14) +1.4) 10,10, 099 5.1) 9.1) 0.0 
1.214) 10, 47 28.65] 29.93, + .01) 56.0 —3.6) 88! 67; 33) 10 2.45} —0.4) 6:10, 075 5.2) 0.0 
Southern Slope. | 61.5) —0.9 0.55) —1.0 3.8 
1,738} 10; 28.09} 29.88|—0.02) 64.3) —0.1) 96) 26) 78} 35) 21 1.06} 9, 033 4.7; 0.0 
3,676| 10} 49) 26.18] 29.90,+ .03 53.2) —1.4) 87) 26) 68) 31) 21 0.48) —1.2 8,1 3.8} 0.3) 0.0 
944] 64] 28.88) 29.85|— 71.6) +1.6| 98 27| 82) 50) 10) 0.58] —1.4) 6) 7,427] 3.6} 0.0, 0.0 
Roswell.........-+ 85, 26.26] 29.83|— .02| 57.0 87; 25] 72} 29) 20 0.07) —0.4 7, 353 3.2} 0.0) 0.0 
Southern Plateau. 60.5 —0.5 6.13) —0.2 2.4 
3,762} 110) 133] 26.03} 29.80|—0.03| 62.0) —1.8) 84) 25! 74) 37) 20 0.00} —0.2) oll, 2.3) 0.0 0.0 
7,013} 57| 66) 23.13} 29.82|— .02) 45.0) —2.6) 67) 26) 56] 20! 19 0.72) —0.1) 6,625 5.2) 7.3) 0.0 
cannes 1,103| 81) 28.67] 29.81\— .03) 67.5! +0.9) 92) 10] $3} 43) 6 0.02} —0.4| 1) 4,201 1.9} 0.0) 0.0 
141| 54! 29.67] 29.82\— .07| 71.0] +0.9) 97; 9] 871 45) 14 0.00) —0.1 4,471 0.5; 0.0) 0.0 
Independence. .......- 3,910] 11) 42) 25.90) 29.86/— .04! 57.0) +0.3) 81) 23) 72) 27 0.00) —0.1} Oj...... 2.2) 0.0 0.0 
488} 20.31] 29.81)...... | @0.3)...... 98) $6, 42 6 0.0) 0.0 
Middle Plateau. | 46.8} —2.1 0.34, —0.8 3. 
4,532} 74) 81) 25.44) 29.97} 0.00) 47.7) +0.4) 77) 21) 62) 19) 4 0.16) —0.4 5, 2.5 1.7 0.0 
Tonopah............-. "090 12} 20) 23.99] 29.8S)...... 69| 22) 57) 16) 3 T. | -1.7 7, 2.2 T. | 0.0 
Winnemucea......--.- 4,344) 18] 59) 25.58] .02) 45.5| —1.6) 73) 30] 62] 16) 4 0.52} —0.4 4, 4.0, 0.3) 0.0 
5,479} 10, 24.52] 29.86|— .02| 44.6) —2.3 72, 22) 60] 18, 5 0.35) —0.4 8, 4.5, 4.51 0.0 
Salt Lake City.......- 4,360} 163 203, 25.55] 29.92} 47.6, -2.5) 74) 9) 57] 24) 4 0.59) —1.7 6, 5.0} 1.0] 0.0 
Grand Junction. .....- 4,602} 82| 96) 25.28 2.39 03, 48.8) —4.4] 74) 23 27) 0. 43; —0.3 5, 5.1) 0.7 0.0 
Northern Plateau. | 48.4) —0.6 | 0.50) —0.8 4 
3,471] 48} 53) 26.42) 30.03) +0.03) 43.4] —0.1/ 71) 29] 56] 21) 4 0.38} —0. 5, T. | 0.0 
2; 739} 78| 86| 27.13] 30.00|+ .02| 48.8} ~1.3) 78) 30) 62). 22| 3 0.65, —0.5 4, 4.6, T. | 0.0 
757| 40) 48) 29.23] .05| 51.8! —1.1) 79] 29) 66 25) 3 0.57; —0.6 3, 4. 09 0.0 
4,477) 68| 25.40, 29.93|— .01) 43.4) —3. 4) 72 30) 54 19) 3 0.89) —1.1 7, 253 5.5| 1.3) 0.0 
1,929] 101! 110) 27.95) 30.01|+ .02) 49.8] +2.1) 76, 62} 22) 3 0.18) —1.1 4,314 4.4) T. | 0.0 
Walla Walla.......-.- 991| 65) 28.95) 30.03)+ 53.2) +0.4 20) 26 3 0.32) —1.4 4, 685 3.5} 1.7) 0.0 
North Pacific Coast 
Region. 49.9 +0.8 1.20; —2.1 4.8 
North Head........--- 211] 11) 56, 29.83) 30.11) +0.08| 47.9) +0.4) 78) 19) 52 1.40] —1.8} 10/10,044 4.9) T. | 0.0 
Port Angeles.......... 29} 83, 30.08) 30.11)......| 46.3)...... 68) 56 0.41) —1. 4, 884 3.7| 0.0) 0.0 
125) 215| 250| 29.95] 30.11]+ 50.0} +0.6) 73) 20) 59 67} 0.96) —1.7| 5, 704 5.2) 0.0 0.0 
213) 120 29.87| 30. 10)-+ 49.5} +0.6| 72) 20) 59 68} 1.13] —1.6 4,389 5.4, T. | 0.0 
Tatoosh Island........ 86) 57| 29.99) 30.09)+ .09 47.0; +0.9| 65) 20) 51 $2} 2.25] —4.1) 11) 9,453 0.2; 0.0 
Portland, Oreg........ 68, 106) 29.93] 30.09}+ .03) 52.8) +1.6 20, 63) 62} 1.13) —1.9 3, 760 5.3, 0.0, 0.0 
57, 29.54) 30.10) 4+ .03) 52.0) +1 $5, 19| 66 61] 0.71) —1.8 2, 3.4) 0.0) 0.0 
Middle Pacific Coast | 
Region. | | 55.3) +1.7 | | 62} 0.83) —1.2 2. 
| 62} 73) 89) 30.03, 30.10)—-0.01) 50.7) +1.2, 79, 19) 57 74). 1.07] —2.9) 5) 6,374) n 4.8} 0.0) 0.0 
Mount Tamalpais ...../2,375, 1] 18) 27.52, 29.99)— .06) 52.1) +2.6) 76, 20) 59 55} 1.11) —0.3| 689) nw 2.6 0.0, 0.0 
Point Reves Light....| 490} 18! 29.46, 29.98}...... 51.6| +3.0 81) 18) 56 518,617) nw 3.8) 0.0, 0.0 
Red Bluff.........-... 332} 58) 29.62, 29.98) .05) 60.3) +1.2) 91 30| 72 46, 0.68) —1.2) 4,500) nw 2.1| 0.0, 0.0 
Sacramento......-..-- 69, 108) 117) 29.91) 29.98) .03) 59.2) +1.2, 85 30) 72 66) 1.06) —0.9) 6, 235) 1.5) 0.0) 0.0 
San Francisco......... 155, 209, 213 29.85 30.02|— .03) 57.2) +3.5) 81) 19) 64 68} 0,60, —1.2| 6,633) w. 2.7; 0.0) 0.0 
| 141) 12) 110 29.87) 30.02...... 56.2) —0.5, 86, 20, 70 0.45} —1.0) 2) 4,524) nw 1.6) 0.0) 0.0 
South Pacific Cot| | | | 
Region. | 60.5) | | 63} 0.05) —1 3. 
| 327, 89, 98 29.61) 29.97|-0.02) 61.8) +0.6 89 22) 75 T. | —0 6, 252| nw. | 38 nw. | 13) 23) 2| 2.0; 0.0) 0.0 
Los Angeles........... | 338. 191, 29.59 29.95 — .03) 61.7) +4.1) 85 8 70 67| 0.15; —1.0 4,103] sw. | 29) nw. | 13, 14 7 91 4.4) 0.01 0.0 
San Diego. .........--- | 62) 70, 29.86 29.95, 04) 60.4) +2.2) 84 20, 67 70| T. | 0) 4,589) w. | 27) w. | 13) 11) 12] 746 0.0 00 
San Luis Obispo...... | 201) 32; 40, 29.79, 30. 01) — .04| 58.0) +2.8, 88, 20 69 0.04) —1 2, 3, 565) nw sw 9} 20, 6 4 3.0, 0.00.0 
West Indies. | | 
Sen Juan, P. R........ 82, 8 29.89, 29.97/—0.01) 76.0)...... 89 14 82) 68 10 70) 1.71} —2.1) 12) 9, 413) ne. 33) ne. 10} 20 3.2) 0.0, 0.0 
Panama Canal. | | | | | | | | 
Balboa Heights. ...... | 118, 97) 29.71) 29.84)...... 91 17) 70) 73; 19| 74 72) 84 4.52 +1.6) 11) 6,077) n. 32) ne. | 15} 4 6 5.2) 0.0 0.0 
| 36, 30, (29.80 29.84)...... 90, 25, 84) 73 23, 76, 16) 75, 74 81; 6.34] +1.1) 17 n. 29) n. 8, 0.0, 0.0 
Alaska. | | | | | | 
80; u 49) | 37.8)..... 50, 43 19 1) 33 32} 81) 5.91)......) 20) 2,832) se. 17) se. 3 9.3) 7.2) 
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TABLE II1.—Accumulated amounts of precipitation for each 5 minutes, for the principal storms in which the rate of fall equaled or exceeded 0.25 inch in 
any 5 minutes, or 0.80 in 1 hour, during April, 1918, at all stations furnished with sel f-registering gages. 


Stations. 


Date. 


Total duration. 


Excessive rate. 


Depths of precipitation (in inches) during periods of time indicated. 


f 
Total amount 


Albany, 

Alpena 

Anniston, Ala..... | 
Do 


Atlanta, Ga... 
Atlantic 
Augusta, Ga 
Baker, } 
Baltimore, Md............ | 
Bentonville, Ark.....-.-.- 


Birmingham, Ala......... | 
Bismarck, N. l’ak........ j 
Block Island, R. 1......-.. 


Canten, N. ¥......- 
Charles City, Jowa........ 
Charleston, C.......... 
Charlotte, 
Chattanooga, Tenn....... 
Chevenne, “Wyo 
Chicago, Il 


Cleveland, Ohio.......... 
Columbia, Mo.........--. 
} 
Columbus, Ohio.......... | 
oncord, N. 


Corpus Christi, Tex....... is 29 | 


Dav 
Devton, 
Del Rio, 


Dodee Ci itv, 
Drexel, Ne br.. 

Dubu me, Towa 
Dulut h, 


Fikins, W. Va 
Ellendale, N. Dek. 
Paso, Tex............. 


‘lle Ind.........-. 
Flags 
Fort Smith, nial 
Fort Worth, Tex.. 


Galveston, Tex......... 


(rand Haven, Mich....... 
Grand Junction, Colo..... 
Grand Rapids, Mich...... 
Green Bay, Wis........... 

jreenville, S.C........... 
Hannibal, Mo............ 
Harrisburg, Pa........... 
Hartford, Conn. .......... 
Hatteras, N.C.... 
Havre, Mont....-... 
Houghton, Mich 


D 
Independence, Cal........ 
Indianapolis, Ind......... 
Iola, Kans 


Kalispell, Mont... 
Kansas City, Mo... 
Key West, Fla........... 
Knoxville, Tenn 
La Crosse, Wis 


1-2 | 


8:10 p.m. 
| 11:50 p.m. 
1 


D 


* Soli-register not in use. 


of precipi- 
tation. 


Began— 


Amount be- 


fore excessive 
rate began, 


t Record partly estimated. 


0% | 


0 
0.11 | 
016) 


35 | 40 | 45 
.\min. 


0.55 (0.62 


t No precipitation occurred during month, 


so | 60 | s0 | 100 
in. |min. | | min. jmin. ‘min. 


2 
| 
25 
5 | 20 
| 27 | 0.33 |0.39 | 
| 9.88 | £16 p.m. 
34 p.m.| 2:28 p.m. | 0.82 ‘m.| 4:13 a.m. | 0. 
Ne 21 |.... 4:30 a.m. | 1.58 { $10 1:35 a.m. | 0.04 (ESS 
Burlington, coe 5-2) 6. m. 
| Lis | 9:46 p.m. | 0.29 | 0.36 (0145 0.52" (0.56 0.5 + 
| 6:00 p.m. | 12: 0 14 | 033 | 054 | 10 81 | 
a.m. 2:50 p.m. | | 010 | 0.45 | 0 40 | 0 50 | 0 56 10.62 © 20 
12°43 p.m. | m. | 1.97 | 2 6:07 p.m. 0 24 | 0.64 | 0.71 0.74 
| 12:36a.m. | 45 | 1.53 | 5:4! 12:09 p.m. | 01 | 0.18 0.45 | | 
| 10.27 acm. | 11:35 a.m. 9.07 | 0.36 | 055 | 060 
27 | 5:15 p.m. | a.m. 098 | 6:08 p. | 0.33 | 0.55 | 0.59 1.98 12-13 0 21 
12:10 p.m. | 0.70 0:70 0.88 0.97 [1.05 | 1.15 |..... 
1 core. 0.10 0.08 | 17 | 0.20 | 0.30 | 0.47 
1.36 10:49 p. 5:27 p.m. | 0.09 | 
| | su0 
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TaBLE II.—-Accumulated amounts of precipitation for each 5 minutes, for the principal storms in which the rate of fall equaled or exceeded 0.25 inch in 
any 5 minutes, or 0.80 in 1 hotr, during April, 1918, at all stations furnished with sel f-registering gages—Continued. 


| 
| Total duration. Excessive rate. Depths of precipitation (in inches) during periods of time indicated. 


Stations. Date. | | 


tation. 


Began— | Ended— 


| Total amount 
of precipi- 
Amount be- 

fore excessive 
rate began. 


Lewiston, Idaho.......... 
Lexington, Ky..-...-.... 
NODE. 
Little Rock, Ark......... 
Los Angeles, Cal.......... 
Ludington, Mich......... 
Lynchburg, Va........... 
Marquette, Mich.......... 
Memphis, Tenn........... 


6) 6:1La.m, | 11°55a.m. | 2.94] 8:05a.m.{ 9:13 a.m. | 0.10 ; 0.07 | 0. 25 | 0.58 | 0.87 {1.15 12.24 11.37 11.65 1.85 | 2.15 
7) 1:58 p.m.| 3:55p.m. 0.97] 2:17 p.m, . 
|} 28] 8:28 a.m. | 10:55 a.m. | 0.62; 8 
Modena, Utah.......... 
Montgomery, Als......... 
Moorehead, Minn......... | 
Mount Tamalpais, Cal....! 
Nantucket, Mass......... 
Nashville, Tenn........... 
New Haven, Conn........ 
New Orleans, La.........- 5:15p.m. | 6:45 p.m. | 1. 47 p.m. | 6:38 p 0.05 | 0. 
7 335a.m. | 3:25 p.m. ! 1.02 | 11:30a.m. | 12:06 p.m. | 0.12 | 0.11 | 0.40 
25 | 6:00a.m.! 8:50a.m. 2.06 | 6:28a.m 7:12 a 0.04 | 0.08 | 0 


21 8:45 a.m. | a.m. a.m. | 
| 


Oklahoma, Okla.......... | 5 
5 

5 

5 


SEPP? 


- 

rs 

=} 


Pensacola, Fla............ 


= 


ESS: 
SASRSR 


58 


Philadelphia, Pa.........! 
4 
Pocatello, Idaho.......... | 
Point Reyes Light, Cal...! 
Port Angeles, Wash....... | 
Port Arthur, Tex......... 


er 


11:30 p.m. | 0. 0. 
1:52 a.m. | 0.02 | 0.06 | 0. 
10:13 a.m. | 0. 0 


Portland, Oreg........... 
Providence, R.1I.......... | 
| 
Rapid City, 8. Dak....... ' 
Reading, Pa.............. | 
Red Bluff, Cal............ | 
Richmond, Va............ 
Rochester, N. Y 
Roseburg, Oreg........... 
Roswell, N. Mex..... 


Sand Key, Fla............ 
Sandusky, Ohio.......... 
Sandv Hook, N.J........ 
San Francisco, Cal........ 
San Luis Obispo, Cal..... 
Santa Fe, N. Mex........ 
Sault Ste. Marie, Mich.... 
Savannah, Ga............ 
Scranton, Pa 


6.24 0.340. 40 


eae 


* Self-register not in use. + Record partly estimated. ¢ No precipitation occurred during month. 


| | From— | To— | min, of | min. min. min. min. | min. ‘min. 

| 15-16 | 2:15 p.m. | D.Nva.m.| 1.38 | 10:17 p.m. | 10:33 p.m. | 0.40 | 0.23 | 0.56 | 0.84.) 0.91 
Meridian, Miss ..... 17 | 10:35a.m. | 3:10 p.m. 1.80 | 10:46 a.m. | 11:16 a.m. | 0.01 0.16 | 0.30 | 0. 0.45 | 0.49 10.54 
a.m, 12:07 p.m. | 0.83 | 10:52 a.m. 11:24 a.m. 0.01 | 0.07 | 0.15 | 0. | 0.23 | 0.38 10.57 10.62 
\\12:42 p.m. | 2:00 p.m. | 0.82 | 1:29 p.m.|_ 1:41 p.m. | 0.14 | 0.09 | 0.46 | 0. 
4 
0.45 | 0.48 | 0.55 (0.68 10.91 ]1.00 {1.05 
28 | 9:55 a.m! | 12:15 p am: | 0.60 | 10:02 a.m: | 
DO 29 | 11:13 a.m. | 3:07 p.m. 2.66 | 11:23 a.m. | | 0.38 | 0.45 | 0.60 10.76 (0.86 11.18 [3.97 
Do | 39 { 2:50a.m.| 5:10a.m. | 1.83] 3:49a.m. | 0.72 | 0.98 | 1.05 |1.22 [1.30 |1.35 (1.44 [1.48 
San Antonio, Tex........ 5 | 403 p.m.| 7:16 2.33} 4:19 p.m. 5:18 p.m. | 0,04 | 0.06 | 0.21 | 0.28 | 0.45 | 0.59 (0.62 |0.64 (0.70 [1.00 /1.46 | 2.11 
25 | 12:23a.m.} 1:20a.m. |,0.62 | 12:30a.m. | 12:45a.m. | 0.01 | 0.17 | 0.41 | 0,52 
4:10 a.m. | 12:40 p.m. 9:41 a.m. 9:56 8. m. | 0.57 0.21 | 0.46 0. 59 
19 | 3:10a.m.! 7:05a.m./ 1.10} 4:41a.m. | a.m. | 0.04 0.10 | 0.24 | 0.44 0.64'| 0.68 0.75 


‘2 
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Tasie II.—Accumulated amounts of precipitation for each 5 minutes, for the principal storms in which the rate of fall equaled or exceeded 0.25 inch in 
any 5 minutes, or 0.80 in 1 hour, during April, 1918, at all stations furnished with sel f-registering gages—Continued. 


Total duration, les Excessive rate. LE Depths of precipitation (in mehes) during periods of time indicated. 
‘ste in 
—— | Date. ES | Ao 5 | 10 | 15 | 20 25 | 30 3 | 0 | 0 | 60 | 80 | 100 | 120 
From To— Began | Ended LF min. | min. | min. | min. | min. jmin. min. min. min. min. | min, |min, |min. 
Seattle, Wash............ | 
Sheridan, Wyo........... 
Shreveport, La.........../ .| | 
Sioux Citv, Iowa......... 
Spokane, Wash.......... 
Sprinefield, Ml........... 
Springfield, Mo........... 
Tacoma, Wash.... 
Tampa, Fla....... 
Tatoosh Island, W 
Terre Hatte, Ind......... n. : | 
Thomasville, Ga.......... 30 4 4:18 p.m. 1.01 p.m. ! 10 p.m 
Vicksburg, Miss.......... | §15p.m.| 654p.m.] 0.79} 555p.m.| 645 p.m 24 26 2 0 52 10.62 10.76 ale 
6-7 | 9:15 p-m. | D.N.a.m.| 1.57 | 1201 a.m. | 12:37 a.m 52 | 0 62 | 0 67 (0.74 [0.79 0.84 |..... 
18 | 2:26 p.m.! 3:38 p.m.] 0.73 | 2:36 p.m.| 3:00 p.m. 12) 0.601 
Do og (f12:53 a.m. | 6:05 a.m. | 1.64) 1258 a.m.| 1:52 a.m. 36 | 0.45 | 0.52 [0 54 [0.58 [0.64 [0.71 [0.80 | O.87 
Wilmington, N. C........ 20{ 2:50p.m.| 6:35p.m.} 1.01 | 4:44p.m./ 5:20p.m 90.63 00.67 
* Self-rezister not in use. t Record partly estimated. t No precipitation occurred during month. 
TaBLe III.—Data furnished by the Canadian Meteorological Service, April, 1918. 
| Pressure. Temperature. Precipitation. 
Altitude | = 
L*| stati level | | | 
.8.L.* | Station, | Sealevel, } | 
reduced | reduced | | Mean | Dever) | Mean | Dera 
Jan., | to mean | to mean maxi- | mini- | Highest.| Lowest. | Total. 
| 4916 of 24 of 24 from) | mean | from | num. | mum from | snowfall. 
hours hours normal. | min.+2. | normal normal. 
| | | 
| Feet. | Inches Inches Inches. °F. | °F. | Inches. | Inches Inches. 
125 29.71 29.85 | —0.04 35.2 | +0.7 41.3 29.1 56 20 3. 62 —0. 54 6.0 
48 29.95 29.99; + .10 35. 8 | +0.8 44.5 | 62 12 1, 88 —1.97 8.0 
| 88 | 29. 91 30. 02 + .06 | 39.6 | +1.8 48.6 30.6 68 19 1.85 —2.33 6.5 
SO een | 85 | 29. 94 30.01; + .05 | 38.9 0.0 | 46.3 | 31.5 62 23 2.31 —1.08 5.0 
IIR, Boe Bs Dianxaciescrunessnnens 38 | 29.97 30. 01 | + .11) 35. 4 | +0.2 41.9 28.9 60 15 1.17 —1.48 3.2 
se Coan cuaninbaranamnes oes 28 30. 02 30. 04 | +0.14 37.6 | +2.1 48.0) 27.2 66 15 2.21 —0. 42 0.0 
Father Point, Que. 20; 30.02 30. 04 | 33.5) 40.3) 41.0 | 26.0 64 12 0.84| 0.6 
296 | 29. 73 30. 06 + .07 38. 4 +3.3 47.6 29.3 67 18 1. 89 —0. 20 0.1 
Montreal, Que.........-. 187 29. 84 30.05 + .05 42.5 | +2.8 50.9 33.9 7 19 2. 03 —0. 21 2.1 
489 29. 43 30. 05 + 41.3 +3.4 56.0 26.7 76 10 0. 69 —0. 87 1.6 
| 236 29. 79 30. 06 +0. 04 43.9 | +3.9 56.0 31.9 76 18 1.45 —0.05 3.0 
285 29. 74 30.06] + .04 41.1 +1.1] 50.7 31.6 69 20 1.96 | 40.17 3.3 
| SE re 379 29. 63 30. 05 + .03 43.6 | +2.8 | 53.0 34.3 69 23 1.40 | —0.97 0.8 
1,244 28. 69 30. 03 — .0l 34. 6 | +1.6 | 51.6 17.6 68 1) 0.91! —0.34 0.6 
592 29. 39 30. 05 + .03 | 41.6 | +0.6 50.7 32.5 63 22 | 2.03; ~—0.44 1.6 
| 
656 | 39. 2 | +0.5 48.7 29.7 65 15 2.77 +0. 97 3.7 
ow 8 BO” ee eee | 688 | 29. 35 30. 06 +0. 04 | 40.9 | +3.3 53.2 28.6 73 12 1. 36 —0. 55 4.4 
| 644 29. 32 30. 05 + .02 | 34.5 | +1.0) 44.0 25.0 58 8 1.30 —0. 42 
| 760 29.15 30. 00 — .02/ 42.1 | +6,.2 54.6 29.6 74 10 1.32 +0. 27 3.9 
Se eee 1, 690 28. 14 29. 98 — .03 | 42.0 +6.0 55.7 28.4 73 10 0. 57 —0. 49 1.0 
2,115 | 27.68 29. 94 —0.05 | 42.0 +4.6 | 55. 6 28.4 7 1. 87 +0. 82 0.8 
in i 2,144 | 27. 63 29. 92 -00 | 46.3 | 61.8 30.8 80 13 0.17 —0. 57 1.7 
jk 8 eee ee | 2.392 27.35 29. 94 — .02 | 42.5 | +1.2 | 56. 4 28.6 74 12 1.06 +0.13 8.8 
| 3,428 26. 40 29.94] + 45.3} +5.7! 58.4 32. 2 | 76 20 0.29) —0.35 0.0 
4,521 25. 35 29. 96 + .06 | 37.9 +2.6 | 51.9 24.0 67 0.23; 1.5 
eee | 2,150 27. 63 29. 92 +0.03 | 42.2 | +2.3 | 56. 2 28.3 | 71 2 0. 96 +0. 08 4.9 
Prince Albert, | 1,450 28. 39 29.96] — .02! 42.2) 55.5 29.0 | 74 11 1.62} +0.79 3.8 
| ean 1,592 28. 19 29. 94 — .03 | 44.5 | +7.3 | 58.0 31.0 | 7 i) 0.92; +0.45 1.0 
8 8 A ee ee | 1, 262 28. 76 30. 07 + .14| 50.2 | +1.3 | 64.4 36.0 | 80 22 0.09! —0.30 0.0 
230 29. 84 30. 10 + 48.8 | +2.0 56.3 41.3 | 70 33 0.35 | —2.02 0.2 
ds $,180 25.71 30.05} +0.19 | 34.4) 45.5 23.3 | 60 1 0.91; 6.3 
DMIs sc cbncscavnnecsnerie 151 | 29. 93 30. 09 + .04 65. 2 +1.3 | 70.3 60.2 | 75 53 8. 80 | +4. 62 0.0 


* See explanation of tables, this REVIEW for January 1918, p. 48. 
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Chart I. Hydrographs of Several Principal Rivers, April, 1918. 
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